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Food insecurity is a public health issue that affects one in ten Americans, one in seven
Central Texans, and is associated with malnutrition, chronic disease, and obesity. Geographic
food access is the most intervened upon aspect of food insecurity and is often measured
objectively through mapping software, such as ArcGIS. Yet when geographic food access is
only measured in terms of distance to food retail, analyses do not full capture the nuances of
community context. Thus, other sources of data, like survey data, and demographic
indicators, such as race/ethnicity and urbanicity, should be incorporated into the research
exploring the association between geographic food access and food insecurity. Therefore, the
purpose of this dissertation was to explore the association between geographic food access
and food insecurity, and to examine the role of race/ethnicity and urbanicity utilizing
objective and community-specific data.
Paper 1 utilized call log data to investigate the association between geographic food
access and food need calls to 2-1-1 in a 10-county area in Central Texas. Peri-urban and rural
callers that lived in a zip code that only had supermarkets in neighboring zip codes were

more likely to call regarding a food need than a non-food need. Paper 2 explored crosssectional associations between geographic food access and food insecurity and potential
indicators using survey and geographic data. Paper 2 found that rural participants were more
likely to be food insecure than urban residents. Paper 3 examined associations among
geographic food access, food insecurity and measures of shopping behaviors using survey
and geographic data. Paper 3 found that most participants did not shop at the supermarkets or
convenience stores that were closest to where they lived. Also, peri-urban and rural
participants had different supermarket shopping behaviors than urban participants, and
people who did shop at supermarkets near their home were less likely to shop at convenience
stores. Across all papers, urbanicity, categorized as urban, peri-urban and rural and defined
by the US Census using a population density-based measure, was seen as a key factor and
should be included in future analyses exploring geographic food access, food insecurity, and
shopping behaviors.
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CHAPTER 1 - BACKGROUND AND LITERATURE REVIEW
Overview
This chapter of the dissertation proposal will provide a background on the current state of
the literature of domestic food insecurity and geographic food access. First, there will be a
discussion on the prevalence of food insecurity in the United States, the state of Texas, and in
Austin, Texas and why food insecurity is a public health issue. Then the conceptualization of
food insecurity and the role of geographic food access will be described. The definition,
summary of research, identified indicators and disparities in geographic food access will be
presented. An overview of the various measures of geographic food access and their limitations
will be provided. The conceptual model and overarching objective of this dissertation, and
overviews and specific aims of each of the three papers are then discussed. Finally, the public
health significance of the dissertation is presented.
Food Insecurity: A Public Health Issue
Food security, defined at the 1996 World Food Summit as, “when all people, at all times,
have physical and economic access to sufficient, safe, and nutritious food to meet their dietary
needs and food preferences for an active and healthy life,” is crucial for individuals and
communities to have a good quality of life (Pinstrup-Andersen, 2009). Conversely, food
insecurity implies “a limited or uncertain availability of nutritionally adequate and safe foods or
limited or uncertain ability to acquire acceptable foods in socially acceptable ways” (PinstrupAndersen, 2009). Despite being a developed, industrial nation, the United States has a high
prevalence of food insecurity, with food insecurity affecting 11.8% of households in 2017
(Coleman-Jensen, Rabbitt, Gregory, & Singh, 2018). This prevalence is even higher in Texas,
with approximately 14% of families in Texas identifying as food insecure from 2015-2017
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(Coleman-Jensen et al., 2018). Food insecurity is also prevalent in the city of Austin, with over
15% of families identifying as food insecure in 2016 (Austin, 2019).
Food insecurity and undernutrition
This high prevalence of domestic food insecurity is alarming because food insecurity has
been shown to be associated with a variety of health conditions. There is a wealth of research
discussing the logical association between food insecurity and hunger and undernutrition
(Campbell, 1991; Gundersen & Ziliak, 2015; Jones et al., 2018). Households experiencing food
insecurity are more likely to have adults and children with lower nutrient intakes (Campbell,
1991; Cook et al., 2006; Kirkpatrick & Tarasuk, 2007). Other nutritional issues, such as anemia,
are also more likely to be prevalent in food insecure households than households that are food
secure (Campbell, 1991; Gundersen & Ziliak, 2015; Jones et al., 2018). Additionally, food
insecurity has been shown to impact cognitive outcomes as well. Martinez and colleagues (2018)
found in their study of 8705 college students in California that students experiencing food
insecurity were more likely to have lower student grade point average and poor mental health
(Martinez, Frongillo, Leung, & Ritchie, 2018).
Food insecurity and obesity
Paradoxically, there is a wealth of literature supporting the association between food
insecurity and conditions such as obesity (Finney Rutten, Yaroch, Colón-Ramos, JohnsonAskew, & Story, 2010; Franklin et al., 2012; Gundersen & Ziliak, 2015; Jones et al., 2018;
Larson, Story, & Nelson, 2009; Townsend, Peerson, Love, Achterberg, & Murphy, 2001). Pan
and colleagues (2012) found in their analysis of 2009 BRFSS data from 66,553 adults from 12
states, that food insecurity was associated with obesity in the overall population and most
population subgroups, with one in three food insecure adults having obesity (Pan, Sherry, Njai,
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& Blanck, 2012). However, some groups experience this association more clearly, as shown in
the systematic review by Franklin and colleagues (2012), which found that there are a variety of
mediators that should be considered, particularly gender, since adult food insecure women were
most likely to have obesity (Franklin et al., 2012). However, the association between food
insecurity and overweight and obesity does not appear to be as strong among children and
adolescents, although these conditions have been shown to co-exist in these populations as well
(Casey et al., 2006; Eisenmann, Gundersen, Lohman, Garasky, & Stewart, 2011; Franklin et al.,
2012; Leung, Tester, Rimm, & Willett, 2017).
Food insecurity and chronic health conditions
Food insecurity has also been shown to be associated with chronic conditions, such as
type 2 diabetes and hypertension (Castillo et al., 2012; Gundersen & Ziliak, 2015; Seligman,
Bindman, Vittinghoff, Kanaya, & Kushel, 2007; Seligman, Laraia, & Kushel, 2009). In an
analysis by Seligman and colleagues (2007) utilizing nationally representative NHANES data
from 1999-2002, the authors found that food insecure individuals had approximately twice the
odds of experiencing type 2 diabetes when compared to food secure individuals (Seligman et al.,
2007). Similar findings were found for hypertension when analyzing 1999-2004 NHANES data,
where food insecure individuals had 2.4 times higher risk of hypertension (Seligman et al.,
2009). These implications are of particular concern as food insecurity is expected to become
even more prevalent due to climate change (Ingram, 2011). Thus, further work is needed to
better understand how to conceptualize and address food insecurity.
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Conceptualization of Food Insecurity and
Geographic Food Access
Conceptually, food insecurity is made up of four components: access, availability,
utilization, and stability, as shown in Figure 1, adapted from a model developed by Jones and
colleagues (Jones, Ngure, Pelto, & Young, 2013). Availability is comprised of physical
availability; access is comprised of several components including: physical (geographic) and
economic accessibility, cultural acceptability, and safety of consumption; utilization refers to
individual level consumption and absorption; and stability is a cross-cutting dimension that
requires that availability, access, and utilization are present at all times (Jones et al., 2013; Leroy,
Ruel, Frongillo, Harris, & Ballard, 2015).

Background Figure 1:Conceptualization of food insecurity as presented in Jones et al 2013
Definition and role of food access
The conceptual model put forth by Jones and colleagues (Figure 1) is helpful in
visualizing how availability, access, utilization, and stability contribute to an individual,
household or community’s level of food insecurity (Jones et al., 2013). However, it does not
reflect the state of the literature on food insecurity, where all indicators of food insecurity are not
deemed as equal. While there is a wealth of research about the roles of stability and utilization in
low and middle income countries (Campbell, 1991; Jones et al., 2013; Pinstrup-Andersen, 2009),
6

the majority of food insecurity research conducted in the United States is focused on the role of
food access, particularly geographic food access (Leroy et al., 2015; Xiaoguang Ma et al., 2016;
Rose, 2010). Food access is defined as an individual or community’s ability to have affordable,
healthy, and culturally relevant food readily available in their community (Jones et al., 2013;
Leroy et al., 2015; White, 2007). Geographic food access refers specifically to the physical
availability of food retail within or near a community (Leroy et al., 2015).
The role of geographic food access
The concept of food access and role of geographic food access in public health literature
rose in prominence after 2008, when several events occurred: the Great Recession in the United
States, the rise in the prevalence of domestic food insecurity, the popular utilization of the term
“food desert”, and legislation funding for food access related research. The economic recession
in the mid to late 2000’s contributed to a rapid increase in food insecurity, with over 50 million
Americans identifying as food insecure in 2009 (Andrews & Nord, 2009; Gundersen, Kreider, &
Pepper, 2011). Thus, the prevalence of food insecurity in the United States rose by over a third
from 2007 to 2009 (Andrews & Nord, 2009; Coleman-Jensen et al., 2018; Gundersen et al.,
2011).
With this increased prevalence in food insecurity, politicians and researchers wanted to
further investigate the contributing factors for food insecurity (Liese, Hibbert, Ma, Bell, &
Battersby, 2014; Thomas, 2010). The factor gaining the most research and political traction was
food access, particularly the notion of “food deserts” (Liese et al., 2014; Thomas, 2010; Walker,
Keane, & Burke, 2010). While there has been published research around limited geographic
access to healthy foods since the 1960’s, there was not a specific term to define areas with
limited access to healthy foods (Beaulac, Kristjansson, & Cummins, 2009). The term “food
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desert” was first used by Scottish researchers in the early 1990’s that defined it as “poor urban
areas, where residents cannot buy affordable healthy foods” (Cummins & Macintyre, 2002). Yet
the term became heavily used among researchers, politicians, and the media only in the late
2000’s (Beaulac et al., 2009; Liese et al., 2014; Walker et al., 2010). Limited geographic access
to healthy and affordable foods was deemed to be such an important contributing factor to food
insecurity that the Food, Conservation and Energy Act of 2008 (the 2008 Farm Bill) funded the
USDA to conduct a study to identify food deserts throughout the United States and to research
their cause and impact on the American public (Bill, 2008; Liese et al., 2014; Walker et al.,
2010). Consequently, numerous scholars, national organizations, and municipalities began to
research and investigate the role of limited geographic food access on food insecurity.
Geographic food access indicators
Through this surge of research on the impact of limited geographic food access on food
insecurity, a variety of indicators became salient. Given the history of racial/ethnic segregation
and segregation of poverty in the United States, race/ethnicity and income were found to be some
of the strongest indicators of limited geographic food access (Beaulac et al., 2009; ColemanJensen et al., 2018; Meenar, 2017; Thomas, 2010; Walker et al., 2010). Education and
employment status were also found to be associated with geographic healthy food access, with
individuals of higher educational attainment with full time employment often having greater
geographic access to healthy foods than those with limited educational attainment and who were
not currently employed (Barnes, Bell, Freedman, Colabianchi, & Liese, 2015; Beaulac et al.,
2009; Walker et al., 2010). Additionally, having regular access to a vehicle has been shown to
greatly improve geographic access to healthy foods, since individuals without stable personal
transportation need to rely on public transportation or pedestrian infrastructure (Burgoine,
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Alvanides, & Lake, 2013; Meenar, 2017; Morland, Wing, & Roux, 2002). Finally, urbanicity is a
key indicator for geographic food access, with rural residents having to travel a greater distance
to the nearest food retail outlets than urban residents (Ford & Dzewaltowski, 2010; Lebel et al.,
2016; McEntee & Agyeman, 2010; Sharkey & Horel, 2008).
Disparities in geographic food access
Racial/ethnic disparities in geographic food access
One of the most notable disparities in the geographic food access literature is by
race/ethnicity. In the systematic review done by Beaulac and colleagues (2009) analyzing peer
reviewed articles about limited geographic access to healthy foods from 1966 to 2007, areas with
a predominant racial/ethnic minority population were found to be more likely to have limited
geographic food access than predominantly non-Hispanic white communities (Beaulac et al.,
2009). The systematic review by Walker and colleagues (2010) built off the work by Beaulac
(year) and focused solely on disparities in the geographic food access literature published since
Beaulac’s work, and found that the racial/ethnic disparity was one of the most salient in the
geographic food access literature (Walker et al., 2010). Specifically, the authors identified that
black neighborhoods were much less likely to have a supermarket than white neighborhoods in
multiple urban areas including Philadelphia, New York, and Detroit (Gordon et al., 2011; Larson
et al., 2009; Morland et al., 2002; Walker et al., 2010; Zenk et al., 2005).
However, black Americans are not the only racial/ethnic group that have been found to
have limited geographic access to healthy foods. Hispanic communities also have been shown to
have less geographic access to healthy foods than non-Hispanic whites (Lopez-Class & Hosler,
2010). In the work done by Lopez-Class and colleagues (2010), the authors found that Latinx
communities in Erie County, New York had fewer supermarkets in their neighborhood, fewer
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public transportation opportunities, and had to pay more for fresh produce than non-Hispanic
white communities in the area (Lopez-Class & Hosler, 2010). Grigsby-Toussaint and
collaborators (2010) also identified that Latinx and other racial/ethnic minority communities in
Chicago were less likely to have culturally relevant healthy foods available in their communities
than predominantly white communities (Grigsby-Toussaint, Zenk, Odoms-Young, Ruggiero, &
Moise, 2010). Thus, communities of color are more likely to have limited geographic access to
food retailers and less likely to have culturally relevant healthy foods available in their
communities than predominantly white communities.
Income disparities in geographic food access
Income disparities in geographic food access are also commonly discussed in the
literature (Beaulac et al., 2009; Meenar, 2017; Walker et al., 2010). The aforementioned
systematic review by Beaulac and scholars (2009) concluded that low-income areas have fewer
supermarkets and large grocers compared to areas that were higher income (Beaulac et al.,
2009). Walker and colleagues (2010) found similar findings in their updated systematic review,
citing that low-income communities were less likely to have supermarkets, but more likely to
have small grocery stores that often had very limited healthy food offerings than higher income
communities (Walker et al., 2010). Sociologist Brian Thomas posited that the lack of
supermarkets in low income neighborhoods is due to a lack of purchasing power, that then
prevents supermarket retailers from expanding into communities of need (Thomas, 2010). The
well-established literature regarding income disparities and limited geographic food access
contributed to the definition developed by the USDA of a food desert, which requires that the
areas of limited geographic food access also are low income (Bill, 2008).
Urban/rural disparities in food access
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Urban/rural disparities are also frequently discussed in the literature (Ford &
Dzewaltowski, 2010; Lebel et al., 2016; McEntee & Agyeman, 2010; Morton & Blanchard,
2007). Specifically, areas with limited geographic food access are often seen in rural areas,
however are often overlooked in the larger literature (Lebel et al., 2016; McEntee & Agyeman,
2010). This is because rural areas are less densely populated and developed than urban areas,
thus, there are fewer supermarkets and other large grocery stores (Ford & Dzewaltowski, 2010;
Lebel et al., 2016; Morton & Blanchard, 2007). Thus, there are different measures in quantifying
areas with limited geographic food access for rural areas versus urban areas, as discussed in the
Geographic food access measurement and methodologies section (Charreire et al., 2010;
Lebel et al., 2016; McEntee & Agyeman, 2010). While there are numerous studies where the
authors focus on rural communities (McEntee & Agyeman, 2010) there needs to be more
comparative work done that explores the role of limited geographic food access in rural and
urban communities; such as the work done by Liese and colleagues (2014) and others that
included both rural and urban areas in their food access analysis (Liese et al., 2014).
Geographic Food Access Measurement
and Methodologies
The measurement of a complicated construct such as geographic food access has
employed varied and inconsistent methodologies. Geographic food access is most commonly
analyzed in the literature using objective and/or perceived measures of food access. Objective
measures of geographic food access include utilizing Geographic Information Systems (GIS) in
order to calculate density or distance from an individual or population centered centroid to food
outlets (Caspi, Sorensen, Subramanian, & Kawachi, 2012; Charreire et al., 2010; Liese et al.,
2014). Perceived measures of geographic food access include survey questions regarding the
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various food outlets that may or may not be located within an individual’s community (Barnes et
al., 2015; Caspi, Kawachi, Subramanian, Adamkiewicz, & Sorensen, 2012; Darcy A Freedman
& Bell, 2009; Xiaoguang Ma et al., 2016).
Objective measures of geographic food access
GIS measures of geographic food access
GIS is often used to provide objective measurements of geographic food access within a
community. These strategies are helpful since they can translate data that are often collected in
the census or other large national or state level surveys and apply that to local settings. There are
two commonly utilized types GIS metrics for geographic food access: density and proximity
(Charreire et al., 2010). Density is an approach that quantifies the presence of food retail outlets
within a geographic unit, such as a census tract, zip code, or within a radius of a specific area
(Charreire et al., 2010). This is most commonly done using the buffer method, kernel density
estimation, or spatial clustering (Charreire et al., 2010). Alternatively, the proximity approach
measures the distance to a food retail outlet by measuring distances or travel times from an
individual or population weighted center of an area to an outlet (Burgoine et al., 2013; Charreire
et al., 2010). By employing GIS network analysis tools, researchers are able to model travel time
between individual addresses and the retail outlet for different types of transportation networks
(car, public transit, biking, walking, etc.) and possible travel route behaviors (Charreire et al.,
2010).
Methodologies of quantifying areas with limited geographic food access
While density and proximity measures require an understanding of GIS, there are other
tools that are often utilized in the literature to identify areas with limited geographic food access.
One resource is the United States Department of Agriculture Economic Research Service (USDA
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ERS) Food Desert Calculator/Food Environment Atlas (Economic Research Service (ERS),
2018). The USDA ERS’s Food Environment Atlas designated areas as having low geographic
food access at the census tract level based on income and distance to supermarkets and large
grocery stores (Economic Research Service (ERS), 2018). Specifically, they define a food desert
as a census tract were a third of the census tract population lived outside the benchmark distance
(1 mile for urban tracts and 10 miles for rural tracts) to the nearest supermarket, warehouse club
or large grocery store (defined as having 50 or more employees) and either a median family
income less than 80% of the statewide median family income, or a poverty rate of at least 20%
(Economic Research Service (ERS), 2018; Ver Ploeg et al., 2009). This resource has been used
widely in the literature; however, this method does have limitations which will be discussed in
the Limitations of current measures section (Page 14) (Eckert & Shetty, 2011; Liese et al.,
2014; Xiaoguang Ma et al., 2016).
Another resource that is utilized in the literature was developed by the Centers for
Disease Control and Prevention (CDC) to identify healthier retail tracts as well as non-healthier
retail tracts (Grimm, Moore, & Scanlon, 2013). Non-healthier retail tracts were so designated if
they lacked a healthier food retailer within the census tract, or within a half of a mile of the
boundary of the census tract (Grimm et al., 2013). According to the CDC, a “healthier food
retailer” included supermarkets, warehouse clubs, large grocery stores (defined as having 50 or
more employees), and fruit and vegetable markets (Grimm et al., 2013). There are two notable
distinction between these two measures. One is that the CDC’s definition solely measured the
presence or absence of healthy food retailers, therefore not factoring the role of the income-level
of the census. Additionally, the CDC definition of a healthier retailer included fruit and vegetable
markets, while the USDA ERS definition solely focused on supermarkets, warehouse clubs and
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large grocery store (Liese et al., 2014; Xiaoguang Ma et al., 2013). These definitional differences
are consequential, as discussed in the Limitations of current measures section (Page 14) (Eckert
& Shetty, 2011; Liese et al., 2014; Xiaoguang Ma et al., 2016).
Measures of perceived geographic food access
The measurement of perceived geographic food access does not typically utilize GIS
methodologies, but is often measured using survey-based instruments or interview guides
(Barnes et al., 2015; Caspi, Kawachi, et al., 2012; Darcy A Freedman & Bell, 2009; Xiaoguang
Ma et al., 2016). When assessing perceived geographic food access individuals are asked if
specific types of food retail outlets, such as supermarkets, small grocery stores, convenience
stores/bodegas, farmers’ markets and/or other types of food retail exist within their community
or within a specific distance from their home (Darcy A Freedman & Bell, 2009; Xiaoguang Ma
et al., 2016). The benefit of utilizing perceived measures of geographic food access is that the
questions can be tailored depending on the context. This is particularly important since people
may view and interact with their community or neighborhood in different ways and thus this
measure could be more representative of an individual’s behavior than solely objective measures
(Barnes et al., 2015; Darcy A Freedman & Bell, 2009). However, this could limit the
generalizability of measures of geographic food access, and extrapolation of perception to
behavior without having specific data regarding an individual’s shopping behaviors could be
erroneous (Xiaoguang Ma et al., 2016).
Role of urbanicity in measurement of geographic food access
An additional consideration when measuring geographic food access is the role of
urbanicity (Ford & Dzewaltowski, 2010; Lebel et al., 2016; McEntee & Agyeman, 2010; Morton
& Blanchard, 2007). For instance, due to the density of development and housing, there are
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inherently fewer options for food retail outlets in more rural areas than urban areas. Thus, if one
were to apply the definition of an area of limited geographic food access in an urban area, where
there is no food retail options in between a quarter to one mile and up to three miles, then many
rural areas would be misclassified as areas with low food access (Ford & Dzewaltowski, 2010;
Lebel et al., 2016; Xiaoguang Ma et al., 2016; Pettygrove & Ghose, 2016; Sweeney et al., 2016).
Thus, alternative measures of geographic food access in rural areas are needed (Lebel et al.,
2016; McEntee & Agyeman, 2010). Many researchers alternatively employ a radius of between
one and ten miles, meaning that an area has limited geographic food access if there is not a
supermarket or large food retail outlet within one to ten miles of an individual’s home in rural
areas (Lebel et al., 2016; McEntee & Agyeman, 2010). However, this distance, while commonly
used in the literature, appears to be an arbitrary cut-point (Ford & Dzewaltowski, 2010; Lebel et
al., 2016; McEntee & Agyeman, 2010).
Issues with geographic food access measurement and methodologies
State of the literature and overarching assumptions
Although there have been scholars publishing research on the role and measurement of
geographic food access in communities since the 1960’s, there are concerns with and gaps in the
literature base (Beaulac et al., 2009; Sweeney et al., 2016; Walker et al., 2010). Sweeney and
colleagues (2016) astutely observed that with the introduction of tools such as the USDA ERS
Food Environment Atlas and the CDC Healthier Food Retail Tracts data, more organizations and
municipalities are conducting research on geographic food access; however, this research is often
not published in scientific journals (Sweeney et al., 2016). Therefore, there is an even richer
literature base, but since it is “grey literature” it is often not recognized. Furthermore, Sweeney
(2016) asserted that since geographic food access is such an inherently interdisciplinary field,
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often the literature that is published in scientific journals are siloed to their respective disciplines
(Sweeney et al., 2016), Therefore more standardization of methodologies and measurement is
needed.
Additionally, much of the geographic food access literature solely explores the
prevalence of food retail, without engaging with communities to understand individual behavior.
This assumes that individuals are shopping at the stores located within their community, or the
stores that are closest to them (Hillier et al., 2011; Hirsch & Hillier, 2013; Horner & Wood,
2014; Meenar, 2017). The work by Hillier and colleagues (2011) found that this assumption is
erroneous, since in their sample of 198 low-income mothers in North Philadelphia, program
participants rarely shopped at the supermarket closest to them, and traveled on average 1.58
miles for non-WIC shopping and 1.07 miles for WIC shopping (Bolt K & Schachter A, 2019;
Hillier et al., 2011). This finding is particularly surprising since those average distances are over
the standard metric used to measure limited geographic food access in urban areas (Burgoine et
al., 2013; Charreire et al., 2010). Thus, additional measures and research are needed to further
explore these assumptions.
Limitations of current measures
While there are a multitude of methodologies for measuring geographic food access,
many scholars have articulated that these measures have limitations (Burgoine et al., 2013; Liese
et al., 2014; Xiaoguang Ma et al., 2013; Ver Ploeg, Dutko, & Breneman, 2014). While there are
notable exceptions, much of the geographic food access literature presented findings that utilized
one type of objective or perceived measure of geographic food access (Beaulac et al., 2009;
Walker et al., 2010). This is particularly problematic since using solely objective measures may
not capture the nuance of individual and community behaviors, and thus fail to accurately
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understand the geographic food access issues experienced by residents in the area (Burgoine et
al., 2013; Caspi, Kawachi, et al., 2012; Ver Ploeg et al., 2014). Also, much of the analyses of
geographic food access only look at aggregated measures (density) rather than individual
distances, which are needed in order to better understand barriers to geographic food access
(Burgoine et al., 2013; Ver Ploeg et al., 2014). Additionally, there are discrepancies when
comparing objective measures, since there is little standardization (Liese et al., 2014; Xiaoguang
Ma et al., 2013; Sweeney et al., 2016). For instance, in the work by Liese and colleagues, the
authors found that there was only a 70% agreement in identifying areas with limited geographic
food access when comparing the aforementioned USDA ERS Food Environment Atlas and CDC
Healthier Food Retailer Areas (Liese et al., 2014).
Additionally, there are factors that are not accounted for in current measures that need to
be measured in order to better understand how individuals interact with their food environment
(Hillier et al., 2011; Xiaoguang Ma et al., 2013; Meenar, 2017; Widener, Farber, Neutens, &
Horner, 2013). One area that could be incredibly insightful is greater exploration of shopping
behaviors (Hillier et al., 2011; Xiaoguang Ma et al., 2016; Xiaonan Ma et al., 2017).
Incorporating survey and/or GPS-based measurement of individual shopping behavior could
advance the field of geographic food access research by exploring the impact of an individual’s
commute or other non-home based activities (Horner & Wood, 2014; Xiaoguang Ma et al., 2016;
McEntee & Agyeman, 2010; Widener et al., 2013). Thus, providing greater context and
understanding to how individuals interact with the food environment is needed in order to better
understand geographic food access and food security.
Another common critique in the literature is the lack of community understanding in the
objective and perceived measures of food access often underestimate the number of areas that
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have limited geographic food access (Caspi, Kawachi, et al., 2012; Eckert & Shetty, 2011; Liese
et al., 2014; Meenar, 2017). Some scholars have found that by incorporating other measures,
such as survey data or qualitative focus groups and interviews, the results were more
representative of the community (Barnes et al., 2015; Liese et al., 2014; Xiaoguang Ma et al.,
2016). Some scholars have gone even further and have developed and applied Participatory GIS
(PGIS) methodologies in order to greater engage communities in geographic food access related
research (Dunn, 2007; Meenar, 2017; Voss et al., 2004). PGIS is a methodology that utilizes GIS
analysis alongside community-based measures of neighborhoods, communities, and the food
environment by conducting focus groups and qualitative and/or quantitative surveys (Dunn,
2007; Voss et al., 2004). By employing a PGIS approach with multiple sources of objective and
community-driven contextual data, Meenar and colleagues (2017) believed that they were more
effective in capturing and measuring a community’s level of geographic food access (Meenar,
2017).
Accurate measurement of geographic food access areas is crucial since lack of
comprehensive data analysis and mapping could be underestimating the number of areas with
limited geographic food access and impacting the availability for research or policy funding in
those communities (Eckert & Shetty, 2011; Liese et al., 2014). In the work done by Eckert and
Shetty (2011), the authors found that there were no areas of Toledo, Ohio that were “food
deserts” according to the USDA definition (Eckert & Shetty, 2011; Economic Research Service
(ERS), 2018; Ver Ploeg et al., 2009). However, when they utilized more sensitive and specific
measures of geographic access that were informed by the context of Toledo, Ohio, they
identified multiple communities that did struggle with limited geographic healthy food access
(Eckert & Shetty, 2011). This misclassification meant that these areas could not apply for certain
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grant funding or develop certain initiatives. Thus, the potentially underestimated prevalence of
areas with limited geographic food access could limit the availability of programs and funding
for improving geographic food access in areas with limited geographic food access but do not
meet the requirements of the current definitions.
Conclusion
Over 11% of American households were food insecure in 2017 (Coleman-Jensen et al.,
2018). Texas has an even higher prevalence of food insecurity, with over 1 in 8 Texas families
experiencing food insecurity (Coleman-Jensen et al., 2018). This is concerning since food
insecurity is associated with having a greater likelihood of undernutrition, obesity, hypertension,
type 2 diabetes, and other conditions (Gundersen & Ziliak, 2015; Seligman et al., 2007;
Seligman et al., 2009; Townsend et al., 2001). Geographic food access has been shown to
influence food insecurity; however, while there is a wealth of geographic food access literature,
further work is needed (Beaulac et al., 2009; Charreire et al., 2010; Leroy et al., 2015; Walker et
al., 2010).
Key gaps in the literature are the lack of utilizing multiple sources of data (geographic,
census, survey data, etc.); explicitly incorporating indicators of geographic food access, such as
race/ethnicity, income, and urbanicity in the analysis; and utilizing measurements of shopping
behavior. By incorporating multiple sources of data, exploring the role of indicators at different
levels of measurement, and utilizing measurements of shopping behavior, the relations between
geographic food access and food insecurity could be greater understood and more tailored
programs could be developed. Thus, the overall goal of the dissertation is to explore the
association between geographic food access and food insecurity and the role of demographic
indicators of race/ethnicity, income, and urbanicity in Central Texas.
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Research Objective
Understanding the relations between food insecurity and geographic food access and how
the experience can differ by various demographic factors including race/ethnicity, income, and
urbanicity has been somewhat explored, but with limited use of multiple methodologies.
Additionally, while there has been work done by the City of Austin and other entities in this
arena, their work has not necessarily tried to apply various measures of geographic food access
or had the specificity of data where they can calculate both community and individual levels of
geographic food access. Thus, the objective of this dissertation was to examine the relation
between geographic food access and food insecurity and various demographic indicators
(race/ethnicity, income, and urbanicity) in Central Texas.
This dissertation used data from two samples: deidentified 2-1-1 call data from 2018
from the United Way for Greater Austin, and the baseline survey data from the Food Retail
Evaluation Strategies for a Healthier Austin (FRESH-Austin) study. Data from the United States
Census, the American Community Survey (ACS), and the City of Austin’s Food Environment
Analysis (FEA) were also used and location of food retail outlets were also obtained utilizing R
coding and Google Places API and Distance Matrix API to supplement for additional
information regarding demographic factors, and food retail environment data respectively.
The goals of this dissertation were:
1. To examine the relation between geographic food access and food insecurity in Central
Texas by the community level measured indicators of race/ethnicity and urbanicity.
2. To examine the relation between geographic food access and food insecurity in the
greater Austin area by individual level measured indicators of race/ethnicity and
urbanicity.
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3. To explore the role of food insecurity, geographic food access and individual level
indicators of race/ethnicity and urbanicity on food shopping behavior.
Conceptual Model
The conceptual model explores the potential pathways and indicators of geographic food
access and food insecurity among adult residents in Central Texas, as depicted in Background
Figure 2. The socioecological model posits that individuals and their behavior are shaped by a
variety of factors, including intrapersonal, and community level factors among others (CITE**).
This conceptual model focuses on the association between geographic food access and food
insecurity and the potential modification of the intrapersonal factor of race/ethnicity communitylevel factor of urbanicity.
Paper 1 of the dissertation examined the association between geographic food access and
food insecurity and the impact of the indicators of race/ethnicity and urbanicity measured at the
community level. Paper 2 examined the relations between geographic food access and food
insecurity and the influence of race/ethnicity and urbanicity measured at the individual level.
Paper 3 then analyzed self-reported shopping behaviors and explored if shopping behaviors vary
by geographic food access, food insecurity status, and the indicators of race/ethnicity and
urbanicity measured at the individual level. Throughout all papers, race/ethnicity and urbanicity
were explored as potential moderators and various additional indicators such as income,
education, employment status, transportation, and other factors were explored as potential
covariates. Potential covariates are shown in a socioecological model in the conceptual model in
Background Figure 2.
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Background Figure 2: Conceptual model of the indicators of geographic food access and food
insecurity and their influence on food shopping behaviors
Study population
There were two different study populations for papers 1 and papers 2 and 3, respectively.
The study population for paper 1 were individuals who called the 2-1-1 call line operated by the
United Way for Greater Austin in 2018. All 2-1-1 callers are adults residing in one of the 10
counties served by the United Way for Greater Austin, and called for information about specific
resources, for a sample size of 55,405 calls in 2018. Additionally, zip code level data were from
the United States Census Bureau American Community Survey (ACS), USDA ERS, and location
of food retail outlets were pulled utilizing R coding and Google Place API. ArcGIS was used to
map the aforementioned demographic characteristics and food environment.
Papers 2 and 3 focused on a smaller study population: the 393 participants FRESHAustin cohort that lived in Travis County, Texas and provided home addresses. All participants
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in the FRESH-Austin cohort were over the age of 18, speak English or Spanish, resided in the
were the primary food shopper for their household and consented to be part of the FRESHAustin study. All FRESH-Austin cohort participants completed the baseline survey between
October 2018 and March 2019. Additionally, the previously discussed City of Austin’s Food
Environment Analysis (FEA) and ArcGIS were utilized to map the food environment.
Overviews of Papers
Paper 1: Mapping food insecurity-related 2-1-1 calls in a 10-county area of Central Texas
by zip code: exploring the role of geographic food access, urbanicity and demographic
indicators
Overview:
The purpose of this paper was to examine the association between geographic food
access and food insecurity and the role of the demographic indicators of race/ethnicity, income,
and urbanicity utilizing community level measures. Paper 1 utilized data from the United Way
for Greater Austin’s 2-1-1 call logs from 2018. Food need-related issues were one of the top five
reasons that residents in the 10-county service area of the United Way for Greater Austin called
2-1-1; however, these data had not been displayed geographically and compared to areas with
limited food access prior to this research. Thus, in this paper, analyses were conducted to map all
food need related phone calls in 2018 by zip code; R, Google Places API, and ArcGIS were used
to develop various geographic food access variables, utilizing ACS data for zip code level
variables such as race/ethnicity, income, urbanicity, and other sociodemographic factors.
Subsequent data analyses were completed with Stata.
A variety of variables needed to be developed and mapped to measure geographic food
access, which included the number and density of supermarkets/grocery stores present in each
zip code in the study area. The food environment was mapped utilizing a code in R that works
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with Google Places API to pull the locations of all supermarkets/grocery stores and convenience
stores in the 10-county service area from Google Maps. A decay analysis was conducted to
analyze geographic food access within the zip code, in neighboring zip codes, and areas that do
not have the food retail type within or in neighboring zip codes. Food insecurity was measured
by proxy of the reason for the 2-1-1 call. Calls were categorized into food needs (looking for
food pantries, soup kitchens, food banks, food assistance, etc.), and non-food related/at-risk for
food insecurity (information about housing or transportation but not about food) calls.
Zip code level information about race/ethnicity, income, and urbanicity were developed
utilizing data from the United States Census Bureau 2017 ACS and were analyzed and mapped.
Potential descriptive statistics were provided at two levels: at the 2-1-1 call level, and the zip
code level. Additionally, logistic regression models were utilized to explore if callers living in
zip codes with less geographic food access had greater odds of calling regarding a food need than
callers with supermarkets/grocery stores and convenience stores present in their zip code, as well
as to explore the association of additional indicators of race/ethnicity, income, and urbanicity and
other potential covariates.
Specific Aims:
Aim 1: To examine the prevalence of food need calls to 2-1-1 in a 10-county area in
central Texas by zip code.
Aim 2: To describe the relations between food need 2-1-1 calls and level of geographic
food access to food retail by zip code.
Hypothesis 1: Areas which do not have food retail located within or in
neighboring zip codes will have more food need 2-1-1 calls compared to areas
with high geographic food access.
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Aim 3: To describe the relations between food need 2-1-1 calls and geographic food
access and the demographic indicators of race/ethnicity and urbanicity.
Hypothesis 1: Areas which do not have food retail located within or in
neighboring zip codes will be areas with majority racial/ethnic minority
populations.
Hypothesis 2: Areas which do not have food retail located within or in
neighboring zip codes will be more likely to be rural as defined by the US Census.
Paper 2: Examining geographic food access, food insecurity, urbanicity, and demographic
indicators among diverse, low-income cohort population in Austin, Texas
Overview:
The purpose of this paper was to explore the association between geographic food access
and food insecurity and the association of individual-level measured indicators of race/ethnicity,
income, and urbanicity by utilizing survey and geographic data. Paper 2 utilized baseline survey
data from the FRESH-Austin study. The FRESH-Austin evaluation team surveyed 400
individuals about various food consumption patterns, food shopping behavior and motivations,
food insecurity, demographics, and other factors. Additionally, home addresses of cohort
members were collected.
In this analysis, geographic food access was measured utilizing network buffers to
measure distance from participants’ home to the nearest large grocery store, convenience stores,
farmers’ markets, and other food retail outlets. The buffers had radii of 500m (walking distance),
1000m, 1500m (just under one mile) respectively. The food environment was mapped and
constructed based on the City of Austin’s FEA. Individual level food insecurity, race/ethnicity,
and income were measured in the FRESH-Austin baseline survey. Urbanicity was categorized by
a population density-based measured.
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Specific Aims:
Aim 1: To examine the relations between food insecurity and geographic food access
among FRESH-Austin cohort participants by utilizing network buffers and distance
measures from participants’ home to the nearest large grocery store/supermarket.
Hypothesis 1: Participants experiencing food insecurity will live further away
from large grocery stores/supermarkets than participants that are food secure.
Hypothesis 2: Participants experiencing food insecurity will be less likely to have
large grocery stores/supermarkets located near their home than participants that
are food secure.
Aim 2: To determine if there are differences in geographic food access and food
insecurity by demographic factors such as race/ethnicity and urbanicity.
Hypothesis 1: Participants who are racial/ethnic minorities will be less likely to
have large grocery stores/supermarkets located near their home and more likely to
be food insecure than non-Hispanic white participants.
Hypothesis 2: Participants residing in rural areas will be less likely to have any
type of food retail located near their home and more likely to be food insecure
than those living in urban areas.

Paper 3: Exploring food shopping behaviors by geographic food access, food insecurity
status, and demographic indicators among a diverse, low-income population in Austin,
Texas
Overview:
The purpose of this paper was to explore if shopping behaviors of the cohort participants
were impacted by geographic food access, food insecurity and individual-level measured
indicators of race/ethnicity, income, and urbanicity. To conduct this analysis, Paper 3 also
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utilized baseline survey data from the FRESH-Austin study. The FRESH-Austin evaluation team
surveyed 400 individuals about various consumption, food shopping behavior and motivations,
food insecurity, demographics, and other factors. Additionally, home addresses of cohort
members were collected.
In this analysis, food retailers that the participants reported shopping at in the baseline
survey were mapped and then overlaid with the previously developed network buffers as well as
the aforementioned geographic food access measures. Additionally, R and Google Distance
Matrix API were used to calculate distances from participants homes to self-reported shopping
locations (Team, 2017). Descriptive statistics and logistic regression were conducted to see if
supermarket and convenience store shopping behaviors (in terms of number of food retail outlets
visited, and frequency of trips) were different by geographic food access measures, food
insecurity status, and the demographic indicators of race/ethnicity, and urbanicity. Individual
level food insecurity, and race/ethnicity and were measured in the FRESH-Austin baseline
survey. Urbanicity was categorized by a population density-based measure.
Aims:
Aim 1: To examine the relations between shopping behaviors, food insecurity status and
geographic food access measures among FRESH-Austin cohort participants.
Hypothesis 1: Participants experiencing food insecurity will have different
shopping behaviors, in terms of where and how often they are shopping for food,
than those that are food secure.
Hypothesis 2: Participants who do not have supermarkets located in network
buffers near their home will have different shopping behaviors, in terms of where
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and how often they are shopping for food, than those who have supermarkets
closer to their home.
Hypothesis 3: Participants who do not have convenience stores located in network
buffers near their home will have different shopping behaviors, in terms of where
and how often they are shopping for food, than those who have convenience
stores closer to their home.
Aim 2: To examine if participants are shopping at the supermarkets and convenience
stores that are located closest to their homes.
Aim 3: To explore if there are differences in shopping behaviors by demographic
indicators, such as race/ethnicity and urbanicity.
Hypothesis 1: Racial/ethnic minority participants will have different shopping
behaviors, in terms of frequency and location of food shopping than non-Hispanic
white participants.
Hypothesis 2: Participants in peri-urban and rural areas will have different
shopping behaviors, in terms of frequency and location of food shopping, than
participants in urban areas.
IRB Statement
All studies in this dissertation received approval from the UTHealth Institutional Review
Board (IRB). The secondary data analyses utilizing 2-1-1 call was submitted to the UTHealth
IRB and received exempt status approval (HSC-SPH-19-1057). The FRESH-Austin Study was
approved by the UTHealth IRB (HSC-SPH-18-0233).
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Public Health Significance
While the current literature base regarding the role of geographic food access is rather
robust, the inconsistency in definitions of limited food access and the lack of utilization of
objective and survey measures of geographic food access limit the impact of the literature
(Charreire et al., 2010; Leroy et al., 2015). Furthermore, while disparities in geographic food
access by race/ethnicity, income, and urbanicity are all noted in the literature, they are rarely all
included in the same analysis (Beaulac et al., 2009; Charreire et al., 2010; Meenar, 2017; Walker
et al., 2010). Also, the majority of geographic food access research scholars have assumed that
communities are shopping at the food retail outlets nearest them, and have rarely included
shopping behaviors in their analysis (Liese et al., 2014; Xiaoguang Ma et al., 2013; Xiaoguang
Ma et al., 2016; Xiaonan Ma et al., 2017; Meenar, 2017). This dissertation addresses notable
gaps in the literature by employing multiple measures of geographic food access at the
community and individual levels, including the demographic indicators of race/ethnicity,
income, and urbanicity in all analyses, and by including self-reported shopping behaviors in
Paper 3. Thus, this dissertation contributes valuable insight into the association between
geographic food access and food insecurity across race/ethnicity, income, and urbanicity levels
in Central Texas.
Innovation
The dissertation is innovative in a variety of ways. The majority of geographic
food access research that employs GIS methodologies utilizes only one measure of geographic
food access and rarely combines other non-geographic data sources. By utilizing GIS
methodologies measuring geographic food access at supermarkets and convenience stores and 21-1 call data in Paper 1, and survey data for Papers 2 and 3, these analyses are novel approaches
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to measuring geographic food access. Additionally, research has rarely explicitly explored the
potential moderation by demographic factors such as race/ethnicity and urbanicity. Thus, this
dissertation is innovative because it represents a substantive departure from the status quo by
using multiple GIS measures for geographic food access, as well as various data sources
(surveys, call data, geographic information) to better understand community context, and thus
could inform the design of more effective programs for food insecurity reduction.
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CHAPTER 2 - PAPER 1: MAPPING FOOD INSECURITY-RELATED 2-1-1 CALLS IN A
10-COUNTY AREA OF CENTRAL TEXAS BY ZIP CODE: EXPLORING THE ROLE OF
GEOGRAPHIC FOOD ACCESS, URBANICITY AND DEMOGRAPHIC INDICATORS

Introduction
Food Insecurity: A Public Health Issue
Food insecurity is defined as the scarce or uncertain availability or the unstable ability to
obtain culturally relevant, nutritious, and safe foods in socially acceptable ways (PinstrupAndersen, 2009). Although an industrialized nation, the United States has high rates of
household food insecurity, with 11.8% of households identifying as food insecure in 2017
(Coleman-Jensen et al., 2018). Household food insecurity rates can also vary by state: Texas has
a higher prevalence of food insecurity than the national average, with 14% of Texan families
struggling with food insecurity from 2015-2017 (Coleman-Jensen et al., 2018).
These rates are startling and a public health concern, since food insecurity is associated
with a variety of negative health outcomes (Bhattacharya, Currie, & Haider, 2004; Franklin et
al., 2012; Gundersen & Ziliak, 2015; Martinez et al., 2018; Seligman et al., 2007). Specifically,
food insecurity is associated with various conditions associated with undernutrition such as
malnutrition, stunting and wasting, nutrient deficiencies and other conditions (Campbell, 1991;
Gundersen & Ziliak, 2015; Jones et al., 2018). Paradoxically, food insecurity is also associated
with obesity and chronic disease occurrence, such as type 2 diabetes and hypertension (Franklin
et al., 2012; Jones et al., 2018; Pan et al., 2012; Seligman et al., 2007; Seligman et al., 2009).
Thus, understanding and reducing domestic food insecurity is a critical public health concern.
Geographic Food Access and Indicators
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Food insecurity conceptually is comprised of four components: availability, access,
utilization, and stability over time (Jones et al., 2013; Pinstrup-Andersen, 2009). Access is the
most frequently researched component of food insecurity and refers to the geographic presence
of culturally relevant, affordable, and safe-to-consume food within a community (Jones et al.,
2013; Leroy et al., 2015). Geographic food access, meaning the physical availability of food
retail in a community, is one of the most commonly discussed factors associated with food
access and food insecurity in the literature (Larson et al., 2009; Leroy et al., 2015; Liese et al.,
2014; Rose, 2010).
Geographic food access has been researched domestically since the 1960’s and several
key demographic indicators and disparities have been noted in the literature (Beaulac et al.,
2009; Ford & Dzewaltowski, 2010; Lebel et al., 2016; Walker et al., 2010). The most salient
indicators in the literature are race/ethnicity, income, and urbanicity (Ford & Dzewaltowski,
2010; Lebel et al., 2016; Walker et al., 2010). People of color are less likely to have healthy food
retail outlets in their communities and are more likely to have to travel longer distances to obtain
health foods than non-Hispanic whites (Lopez-Class & Hosler, 2010; Walker et al., 2010; Zenk
et al., 2005). Also, low-income communities are less likely to have supermarkets and more likely
to have small grocery stores and convenience stores, which are linked to unhealthy choices, in
their communities than higher income communities (Beaulac et al., 2009; Thomas, 2010; Walker
et al., 2010). Additionally, there are key disparities by urbanicity, with people living in rural
areas having to travel farther distances to obtain food than their urban-living counterparts (Ford
& Dzewaltowski, 2010; Lebel et al., 2016; Morton & Blanchard, 2007). Thus, these indicators
need to be included in analysis and discussion on geographic food access.
Food Insecurity Resources and the United Way 2-1-1 Call Line
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Connecting food insecure communities to resources such as food banks and food
pantries, which are places that stocks of food that are supplied free of charge to people in need,
are a critical resource for individuals who have emergency food insecurity (Bacon & Baker,
2017; O'Connell, Holben, & Holcomb, 2008; Robaina & Martin, 2013). Nationally, the United
Way has been connecting individuals in need to resources for over 50 years (Daily, 2012). In
2000, the Federal Communications Commission (FCC) developed a 2-1-1 hotline program to
better facilitate network building and resource referrals for individuals in need (Daily, 2012).
During the next decade, 2-1-1 hotlines became operational in all 50 states and Puerto Rico, and
the 2-1-1 hotlines received more than 17 million calls in 2011 alone (Daily, 2012; Linnan, 2012).
In 2011, roughly 40% of 2-1-1 call lines were operated solely by the United Way and the
remaining 60% by a collaboration of various non-governmental organizations (Daily, 2012;
Linnan, 2012).
Since its development, there has been a rich history of research and collaboration
between 2-1-1 call lines, the United Way and researchers (Boyum, Kreuter, McQueen,
Thompson, & Greer, 2016; Linnan, 2012; Rodgers & Purnell, 2012; Savas, Fernández, Jobe, &
Carmack, 2012; Saxton, Naumer, & Fisher, 2007). Referrals by 2-1-1 have been shown to be
effective at reaching historically hard-to-reach populations to promote service utilization as
varied as enrolling in food assistance programs, to getting screened for human papilloma virus,
finding affordable housing opportunities, promoting wellness check-ups and other services
(Boyum et al., 2016; Linnan, 2012; Rodgers & Purnell, 2012; Savas et al., 2012; Saxton et al.,
2007).
The 2-1-1 call line in the greater Austin area is operated by the United Way for Greater
Austin and serves a 10-county area (Texas, 2019 ). In 2018 alone, the United Way for Greater
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Austin received over 50,000 2-1-1 calls and provided referrals to tens of thousands of
organizations and services (Texas, 2019 ). Over 11% of calls to the United Way for Greater
Austin 2-1-1 line were for food needs (Texas, 2019 ). The motivations for calling the 2-1-1 line
for food insecurity related issues can range from a household member looking to find out more
information about getting on food assistance programs such as Women, Infants and Children
(WIC), or for more emergency-related needs like the location and hours of the nearest food bank.
However, these data have yet to be mapped and assessed in Central Texas.
Research Objective and Aims
Objective
The objective of this study was to examine the association between geographic food
access and food insecurity and the demographic indicators of race/ethnicity, income, and
urbanicity.
Specific Aims
Aim 1: To examine the prevalence of food need calls to 2-1-1 in a 10-county area in central
Texas by zip code.
Aim 2: To describe the relations between food need 2-1-1 calls and level of geographic food
access to food retail by zip code.
Hypothesis 1: Areas which do not have food retail located within or in neighboring zip
codes will have more food need 2-1-1 calls compared to areas with high geographic food
access.
Aim 3: To describe the relations between food need 2-1-1 calls and geographic food access and
the demographic indicators of race/ethnicity and urbanicity.
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Hypothesis 1: Areas which do not have food retail located within or in neighboring zip
codes will be areas with majority racial/ethnic minority populations.
Hypothesis 2: Areas which do not have food retail located within or in neighboring zip
codes will be more likely to be rural as defined by the US Census.
Methods
Study Design and Study Area
The study design included cross-sectional analyses of 2018 United Way 2-1-1 Call Data.
Participants were individuals who called the 2-1-1 call line from January 1 thru December 31,
2018. The sample was restricted to calls made to the United Way for Greater Austin in calendar
year 2018 that stated a reason for calling and resided in one of the zip codes in the 10-county
study area. Callers who reported living in a P.O. Box only zip code were dropped from the
analysis (N = 300) since it was not clear which zip code those callers resided in. A map of the
10-county area serviced by the United Way for Greater Austin is shown in Paper 1 Figure 1.
Demographic data from the 2017 American Community Survey (ACS), data about food retail
obtained utilizing Google Places API and R, and ArcGIS were utilized to map these data (ESRI,
2019; Team, 2017). Stata (version 14) was used for analysis (StataCorp, 2015). Because this
study was a secondary data analyses, the IRB at UTHealth deemed this study exempt from IRB
approval (HSC-SPH-19-1057).
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Paper 1 Figure 1: Map of United Way for Greater Austin 2-1-1 Call Line 10-County Service
Area

Variables
Independent Variables
The independent variables for the analysis were various measures of geographic food
access. Measures of geographic food access were developed by conducting density and polygon
neighbor analysis of supermarkets and convenience stores located in each zip code of the 10county area served by the United Way for Greater Austin 2-1-1 call line. Food retail layers were
developed for the analysis. First, a fishnet was created in ArcGIS for the entire 10-county study
area, and latitude and longitude coordinates of the study area were obtained (ESRI, 2019). These
coordinates were used to find the addresses of all supermarkets/grocery stores and convenience
stores present in the study area through R (googleway package) and Google Places API. These
addresses were subsequently geocoded utilizing ArcGIS and created two different layers, one
with supermarket/grocery store locations, and one with all convenience store locations in the
study area (ESRI, 2019).
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A series of variables were created to determine the presence of supermarkets/grocery
stores and convenience stores by zip code. A spatial join was utilized to attribute the locations of
food retail by type to each zip code. Once completed, the polygon neighbors tool was utilized in
ArcGIS to determine the presence of food retail in neighboring zip codes (ESRI, 2019). These
attribute tables were exported as an Excel file and then to Stata (StataCorp, 2015), where three
binary variables were developed that defined geographic food access in each zip code: zip codes
that had food retail present within the zip code; zip codes that did not have food retail present in
the zip code and only had food retail present in neighboring zip codes; and zip codes that did not
have food retail present within or in neighboring zip codes.
Dependent Variables
The dependent variable for this analysis was food insecurity. Food insecurity was
operationalized using the proxy of the food need calls to the United Way operated 2-1-1 call line
in 2018. Specifically, 2-1-1 calls were categorized based upon the resources that the caller
requested more information about during the call with the 2-1-1 call navigator into two groups.
Calls were categorized into food needs (looking for food pantries, soup kitchens, food banks,
food assistance, etc.), and non-food related (information about housing or transportation but not
about food) calls.
Community-Level Indicators
As previously mentioned, race/ethnicity, income and urbanicity have been shown in past
research to be significant indicators of geographic food insecurity and were thus included in the
analyses (Ford & Dzewaltowski, 2010; Lebel et al., 2016; Walker et al., 2010). Race/ethnicity,
income level, and urbanicity of the caller were not included in the data provided by the United
Way, although the zip code of the caller was included in all calls. The 2017 ACS data set
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included race/ethnicity and household income categorized by zip code. Therefore, race/ethnicity
was assigned based on the majority race/ethnicity of that zip code according to the 2017 ACS.
Due to distribution, this then became a binary variable defined as majority non-Hispanic white
population or majority racial/ethnic minority population.
Income was operationalized as a percent of the population in the zip code living below
the poverty line according to the 2017 ACS. Urbanicity was determined based upon the Census
definition and US Department of Defense definition of urban areas based on population density
for each zip code (Lebel et al., 2016; Morton & Blanchard, 2007; Register, 2003 ). Zip codes
with a population density over 3,000 people per square mile were categorized as urban, zip codes
with a population density between 1,000 and 3,000 people per square mile were categorized as
peri-urban, and zip codes with a population density of less than 1,000 people per square mile
were categorized as rural (Register, 2003 ).
Potential Covariates
While race/ethnicity, income, and urbanicity are crucial indicators, they are not the only
potential covariates. Other potential covariates included employment status and utilization of
food assistance programs and were measured at the zip code level. Employment status was
operationalized as percent of population of the zip code over the age of 16 that were unemployed
according to the 2017 ACS. Utilization of food assistance was operationalized as the percent of
households utilizing the Supplemental Nutrition Assistance Program (SNAP) in the zip code
according to the 2017 ACS.
Analyses
Statistical analyses were performed utilizing Stata version 14 and ArcGIS (ESRI, 2019;
StataCorp, 2015). Descriptive statistics are presented in two tables for call-level data, and zip
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code level data respectively. Descriptive statistics included frequencies and percentages
calculated for each categorical variable and indicator. Mean and standard deviations were
calculated for each continuous variable and the range provided. Dependent variables were
assessed for normality using the Shapiro-Wilk test and visually. Distributions of categorical
variables were examined for the potential need to collapse across categories. Logistic regression
models were conducted to observe the association between geographic food access and food
need calls and demographic indicators. Model I contained the unadjusted associations between
geographic food access, food need calls, and the potential moderators of race/ethnicity and
urbanicity. Model II included the variables discussed in Model I and introduced income, as
operationalized as percent below poverty by zip code, and potential covariates such as percent
unemployment and percent of households on SNAP. Tests for interactions between
race/ethnicity, urbanicity and geographic food access variables were also conducted.
Results
Descriptive Statistics and Sample
The final sample consisted of 55,405 calls from 120 zip codes in the 10-county study
area. An intraclass correlation coefficient (ICC) was calculated to quantify clustering by zip
code; calculated ICC = 0.011); was negligible, thus, multi-level analyses were not needed.
Descriptive analyses for call-level data are presented in Table 1. The average age of callers was
approximately 45 years old, and the majority of callers were women (72.53%). Nearly 73% of
calls were from one county (i.e. Travis County), despite the hotline serving a 10-county area, and
over half of the callers reported living in zip codes that were classified as urban. Over 11% of
calls to the United Way for Greater Austin’s 2-1-1 line were food need. Figure 2 depicts the
percentage of food need calls by zip code. In 2018, 10-20% of calls were regarding food needs in
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almost half (N=59) of the zip codes in the study area. Approximately 9% (N=11) of the zip
codes had no food need calls to the United Way in 2018.
Paper 1 Table 1: Descriptive Statistics of 2-1-1 Call-Level Data
Variable

N = 55405

Frequency
(%)

Mean (SD)

Demographics
Age (years)

52,087

45.32 (SD = 16.68)

Gender
Male

14,805

26.74

Female

40,164

72.53

407

0.73

1,991
86
608

3.59
0.16
1.1

871
358
2,801
195
384
40,255
7,856

1.57
0.65
5.06
0.35
0.69
72.66
14.18

Urban (Population Density>3,000 people per
square mile)

28,467

51.38

Peri-Urban (1,000-3,000 people per square
mile)

12,622

22.78

Rural (Under 1,000 people per square mile)

14,316

25.84

6,310
49,095

11.39
88.61

Uncertain
County of Caller
Bastrop
Blanco
Burnet
Caldwell
Fayette
Hays
Lee
Llano
Travis
Williamson
Urbanicity of Zip Code of Caller

Food Insecurity
Food Insecurity Related Calls
Food Related Need Calls
Non-Food/At-Risk Calls
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Paper 1 Figure 2: Percentage of Food need Calls to the United Way for Greater Austin 2-1-1
Line in 2018 by Zip Code in a 10 County Area

*Black Star indicates Downtown Austin

Descriptive analyses for zip code level data are presented in Table 2. Most zip codes in
the sample had a population that was majority non-Hispanic white. Almost 20% of the zip codes
were classified as urban based on the population density of the zip code, with 12.50% of zip
codes classified as peri-urban and over 68% of zip codes classified as rural. The average
percentage of population living below the poverty line was 11.50%. The average percentage of
the population over the age of 16 that was unemployed was 4.30%. In the study area, there was
an average of 8.21% of households on SNAP. Of the 120 zip codes in the study area that
received calls, 60% of them had a supermarket or grocery store within the zip code, and over
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36% had a supermarket or grocery store only in neighboring zip codes. All zip codes in the
sample had a convenience store within or in neighboring zip codes, and 85% of zip codes had a
convenience store within the zip code. The presence of food retail by zip codes were also
mapped and presented in Figure 3 and Figure 4.
Paper 1 Table 2: Descriptive Statistics of Zip Code Level Data
Variable

Frequency
(%)

N = 120

Mean (SD [Range])

Demographic Indicator Variables
Race/Ethnicity
Majority Racial/Ethnic Minority Zip Code
(>50% of population identifies as a racial/ethnic
minority)
Majority Non-Hispanic White Zip Code (>50%)

15

12.5

105

87.5

Urban (Population Density>3,000 people/mi2)

23

19.17

Peri-Urban (1,000-3,000 people/mi2)

15

12.5

Rural (<1,000 people/mi2)

82

68.33

Urbanicity

Additional Potential Covariates
Percentage of Population Living Below Poverty Line
Average Percent of People Living Below
Poverty Line

11.50% (SD = 8.31, [0-63])

Percentage of Unemployed
Average Percent of People (Over the age of 16)
Unemployed

4.30% (SD = 3.00, [0-23.3])

Percentage of Households on SNAP
Average Percent of Households on SNAP

8.21% (SD=7.57, [0-55.6])

Geographic Food Access Variables
Presence of Supermarket/Large Grocery Store
Access within zip code

72

60

Access in neighboring zip codes

44

36.67

4

3.33

102

85

18
0

15
0

No access within or in neighboring zip codes
Presence of Convenience Store
Access within zip code
Access in neighboring zip codes
No access within or in neighboring zip codes
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Paper 1 Figure 3: Presence of Supermarkets/Grocery Stores by Zip Code in United Way for
Greater Austin 2-1-1 10-County Service Area

Paper 1 Figure 4: Presence of Convenience Stores by Zip Code in United Way for Greater Austin
2-1-1 Line 10-County Service Area
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Logistic Regression Results
Models from the Full Sample
Logistic regression models were conducted to examine the associations between
geographic food access and food need calls and demographic indicators. Tables 3 displays the
results of the logistic regression models in terms of odds ratios, 95% confidence intervals, and pvalues for the full sample. Model I contains the unadjusted associations between geographic food
access, emergency food need calls, and the potential moderators of race/ethnicity and urbanicity.
Results from the unadjusted model found that callers living in peri-urban (OR = 0.88, p<0.01)
and rural (OR = 0.82, p<0.01) zip codes had statistically significant lower odds of calling the
United Way 2-1-1 line about a food need than those living in urban zip codes; however, the
geographic food access variables had no statistically significant associations on food need calls.
Model II included the variables discussed in Model I and introduced income, unemployment, and
household utilization of SNAP.
Results from the adjusted model were consistent with results from the unadjusted model
that callers living in peri-urban (OR=0.89, p<0.01) and rural (OR=0.81, p<0.01) zip codes had
statistically significant lower odds of calling the United Way 2-1-1 line about a food need than
those living in urban zip codes, and geographic food access variables had no statistically
significant associations on food need calls. Additionally, analyses from the adjusted model found
that those living in zip codes with greater percentage of households using SNAP had slightly
lower odds (OR = 0.99, p<0.01) of making a food need call than those with lower percentage of
households using SNAP. Results from the adjusted model also indicated that individuals living in
zip codes with higher percentages of people living under the poverty line (OR=1.01, p<0.01),
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Paper 1 Table 3: Logistic regression models measuring association between geographic food access and food need 2-1-1 calls and
indicators/covariates
Full Sample N = 55,405
Model I
(unadjusted)
(Food Need
Related Calls)
Variable (reference category for
categorical variables)

Urban N = 28,467

Peri-Urban N = 12,622

Rural N = 14,316

Model I
Model I
Model II
Model II
Model I
Model II
(unadjusted)
(unadjusted) (Food Need
(Food Need (Food Need Related
(Food Need
(Food Need
(Food Need
Related
Related Calls)
Calls)
Related Calls)
Related Calls)
Related Calls)
Calls)

OR (CI)

OR (CI)

OR (CI)

OR (CI)

OR (CI)

OR (CI)

OR (CI)

-

0.64**
[0.51-0.78]

2.59**
[1.74-3.85]

-

-

1.23**
[1.06-1.42]
1.00
[0.30-3.34]

1.21*
[1.04-1.41]
1.03
[0.31-3.47]

-

-

-

1.05
[0.71-1.55]

1.12
[0.75-1.68]

0.88**
[0.80-0.96]

0.91
[0.80-1.02]

2.16
[0.83-5.61]

1.06
[0.93-1.20]

1.17
[0.991.39]

-

-

-

-

-

-

-

-

-

-

Variables Introduced in Model I
Presence of Supermarket/Large Grocery Store (Referent = Access within zip code)
Access only in neighboring zip codes

1.00 [0.88-1.12] 1.04 [0.92-1.18]

No access within or in neighboring zip codes

0.92 [0.28-3.07] 1.03 [0.31-3.44]

-

Presence of Convenience Store (Referent = Access within zip code)
Access only in neighboring zip codes

1.17[0.80-1.72] 1.28 [0.87-1.88]

Race/Ethnicity (Referent = Majority Non-Hispanic White Zip Codes)
Majority Racial/Ethnic Minority Zip Codes

1.02 [0.97-1.09] 1.04 [0.97-1.13]

Urban/Rural Status (Referent = Urban Area)
0.88**
[0.82-0.94]
0.82**
[0.77-0.88]

Peri-Urban(Between 1,000-3,000
people/square mile)
Rural (<1,000 people/square mile)

0.89**
[0.83-0.96]
0.81**
[0.75-0.87]

Variables Introduced in Model II
Low-Income
Percentage of Population Living Below
Poverty Line
Unemployment

1.01**
[1.00-1.01]

1.02**
[1.01-1.03]

1.11**
[1.04-1.19]

1.00
[0.99-1.01]

Percentage of Unemployed Population Over
Age 16

1.03**
[1.01-1.05]

0.91**
[0.88-0.95]

1.48**
[1.37-1.61]

1.02
[0.99-1.06]

0.99**
[0.98-0.99]

1.00
[0.99-1.01]

0.83**
[0.80-0.87]

0.99
[0.97-1.00]

SNAP Participation
Percentage of Households on SNAP

p < 0.05*, p < 0.01**; - not included in model due to collinearity or stratification
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and higher prevalence of unemployment (OR = 1.03, p<0.01) had slightly greater odds of calling
with a food need than those living in zip codes with lower percentages of the population living in
poverty and unemployed. Race/ethnicity variables were not statistically significant in either
model. Tests for interactions between race/ethnicity and urbanicity and the geographic food
access variables were conducted. There were no statistically significant interactions between
race/ethnicity and geographic food access. However, there were statistically significant
interactions between urbanicity and geographic food access, which required stratified analyses
by urbanicity.
Stratified Results: Urban
All callers living in urban zip codes lived in a zip code that had a supermarket and
convenience store, therefore, there was collinearity and the geographic access variables could not
be analyzed for callers from urban zip codes. However, there were statistically significant
associations between covariates and food need calls among callers from urban zip codes. Among
urban callers, residents of a zip code that were majority racial/ethnic minorities, had lower odds
of making a food need call (OR = 0.88, p<0.01) than those that lived in majority non-Hispanic
white and urban zip codes. Also, unlike the full sample adjusted analyses, urban callers that lived
in zip codes with higher percentages of unemployment had lower odds to call with a food need
(OR = 0.91, p<0.01) than those who lived in zip codes with lower percentages of unemployment.
Consistent with findings from the full sample, among urban callers, those living in zip codes
with higher percentages of the population living below the poverty line had greater odds (OR =
1.02, p<0.01) for calling with food needs than those that lived in zip codes with lower
percentages of the population living below the poverty line.
Stratified Results: Peri-Urban
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In the unadjusted model, callers from peri-urban areas that only had supermarkets in
neighboring zip codes had lower odds (OR = 0.64, p<0.01) of calling with a food need in 2018,
however once covariates were included in the model, they had 2.59 greater odds (p<0.01) of
calling with a food need than their counterparts with a supermarket in their peri-urban zip code.
In the adjusted models, living in peri-urban zip codes with higher percentages of people living
below poverty (OR = 1.11, p<0.01) and unemployment (OR = 1.48, p<0.01) had
greater odds of calling with a food need than those that lived in peri-urban zip codes with lower
percentages of people living below poverty and unemployment. Also, callers living in zip codes
with higher percentages of households utilizing SNAP had lower odds (OR = 0.83, p<0.01) of
calling with a food need than those living in peri-urban zip codes with lower percentages of
households utilizing SNAP. Race/ethnicity variables were not significant for callers from periurban areas.
Stratified Results: Rural
In the adjusted model callers from rural zip codes that only had supermarkets/grocery
store in neighboring zip codes had 1.23 greater odds (p<0.05) of calling with a food need than
those living in rural zip codes with a supermarket/grocery store. Presence of convenience stores,
percentage of population below poverty and unemployed were not significant for rural callers but
were significant in all other strata of urbanicity.
Discussion
Overall Findings
The findings from the descriptive statistics and logistic regression models indicated that
there were food needs in Central Texas among callers to the United Way for Greater Austin’s
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2-1-1 line in 2018, and that these food needs differed according to urbanicity. Additionally, the
presence of an interaction between urbanicity and geographic food access variables indicate that
there were unique complexities to the relation between geographic food access and food
insecurity across urbanicity levels. Living within a zip code that only had supermarkets/grocery
stores in neighboring zip codes led to greater odds of calling the United Way for a food need in
peri-urban (OR = 2.59, p<0.01) and rural (OR = 1.23, p<0.05) areas compared to those that lived
in zip codes with a supermarket/grocery store within peri-urban and rural areas, respectively.
Geographic food access is an important indicator for food need calls, and consequently, to food
insecurity among peri-urban and rural communities.
These findings are consistent with the limited literature in this area. Geographic food
access literature has found that rural areas have limited geographic food access (Ford &
Dzewaltowski, 2010; Frongillo Jr, 1997; Garasky, Morton, & Greder, 2006; Lebel et al., 2016;
Morton & Blanchard, 2007; Sharkey & Horel, 2008). Also, while there have been some studies
exploring the role of geographic food access in rural communities, there has been little
exploration as to how low geographic food access contributes to food insecurity among rural
communities domestically (Frongillo Jr, 1997; Garasky et al., 2006; Olson, Anderson, Kiss,
Lawrence, & Seiling, 2004). However, the findings from this research that limited geographic
access contributes to food insecurity is consistent with other studies (Frongillo Jr, 1997; Garasky
et al., 2006; Olson et al., 2004). Additionally, while peri-urban areas have been a source of
international research and domestic agricultural research, there has been very little research
investigating how Americans in peri-urban areas experience geographic food access or food
insecurity (Bernal, Frongillo, Herrera, & Rivera, 2012; Garcia et al., 2013; Jones et al., 2018;
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Lerner & Eakin, 2011; Rogus & Dimitri, 2015). Thus, these analyses fill a notable gap in the
literature.
Another key finding from this analysis is the distribution of calls from urban, peri-urban,
and rural areas. Over half of the calls to 2-1-1 were from urban zip codes, and 75% of calls were
from Travis County, the county where Austin is located in. These findings imply that there could
be greater awareness of the 2-1-1 call line in areas closest to Austin and in more densely
populated areas. Moreover, the initial hypotheses that calls from areas with the most limited
geographic food access (those that did not have supermarkets within or in neighboring zip codes)
were not more likely to be food need calls than those that had food retail located within the zip
code. This could also be because individuals in areas with the most limited access are used to
having to travel further distances for any service, including food services (Garasky et al., 2006;
Morton & Blanchard, 2007). However, areas that had more peripheral access, calls from areas
that only had supermarkets in neighboring (but not within) zip codes in peri-urban and rural
areas were more likely to be food need calls, which demonstrate that areas with somewhat
limited access were more likely to have food need calls. This finding alludes to the possibility of
the suburbanization of poverty occurring in Austin (Covington, 2015). Thus, that as Austin has
gotten more expensive to live in during the last decade, that low-income individuals are moving
into more peri-urban areas with limited food access resources.
Furthermore, different covariates of race/ethnicity, percentage of population below
poverty, population over the age of 16 that were unemployed, and household utilization of SNAP
had different statistically significant associations in different environments. For instance, living
in a majority racial/ethnic minority zip code meant urban callers had lower odds about calling for
a food need (OR = 0.88), which contradicts the literature, but was a factor that had greater odds
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for rural callers to call about a food need (OR = 1.17), which is consistent with the literature
(Lopez-Class & Hosler, 2010; Walker et al., 2010; Zenk et al., 2005). Further emphasizing that
these relations exist differently in different localities, these findings confirm that place matters
even within a 10-county region. Thus, further research is needed to explore the association
between race/ethnicity, income, unemployment, and food assistance programs and food
insecurity across different urbanicity levels.
Strengths and Limitations
Strengths
This study has numerous strengths. Previous studies typically have only utilized census
data with food retail to explore the association between geographic food access and food
insecurity and have not incorporate additional data sources that present confirmed need, such as
2-1-1 call data. Furthermore, the large sample size of the 2-1-1 call data from the United Way for
Greater Austin (N = 55,405) enabled analyses that were not previously possible with smaller
cohorts with insufficient power. Additionally, most of the previous literature presents findings
from only one municipality or a one or two county area (Barnes et al., 2015; Liese et al., 2014).
However, this study analyzed data at a zip code level for the entire 10-county Central Texas
region. Thus, this study can help researchers and regional planners better understand geographic
food access and food insecurity at a regional level. Furthermore, the majority of geographic food
access literature is solely focused on either an urban or a rural area, and does not take into
account the unique experiences of those living in peri-urban areas (Ford & Dzewaltowski, 2010;
Garasky et al., 2006; Lebel et al., 2016; Morton & Blanchard, 2007; Rivera et al., 2018). By
including urban, peri-urban, and rural areas of Central Texas and stratifying analyses, this study
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provides valuable insight into the association between food insecurity and geographic food
access across urban strata within a region.
Limitations
However, there are notable limitations in this study. Measuring geographic food access at
the zip code level can be helpful for understanding community context and community
geographic food access, but it is not as precise a measurement of geographic food access as
utilizing individual-level data. While this study utilizes multiple sources of data, it has limited
individual-measured data, thus future studies are needed to better measure proximity of
individuals to food retail. Future analysis could also explore looking at calls during specific
seasons in order to have a more nuanced understanding of the potential seasonality of food need
calls, which is not currently captured in this analysis of annual calls in the Central Texas region.
Additionally, there is potential for threats to validity with this sample, specifically
selection bias and limited generalizability. Since inclusion in this sample required that an
individual called 2-1-1 operated by the United Way for Greater Austin, this sample is most likely
predominantly low-income and requires awareness of the 2-1-1 program. As previously
mentioned, findings from the full sample could indicate that there is potentially limited
awareness of the 2-1-1 call line in rural and peri-urban areas of the 10-county area served by the
United Way for Greater Austin, thus resulting in selection bias. Furthermore, this sample may
not be representative of the overall 10-county area since callers are most likely low-income.
Thus, future studies should explore utilizing a more representative sample in order to minimize
selection bias and offer greater generalizability.
Despite these limitations, these analyses contribute valuable insight into the geographic
food access and food insecurity literature. Additionally, the analyses provide maps and other
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outputs that will serve as tangible resources to give the United Way for Greater Austin, the City
of Austin, food insecurity non-profit organizations, and researchers to better develop
programming and distribute resources to areas with limited geographic food access in the Central
Texas region.
Recommendations and Future Research
Due to the unique differences in the association between geographic food access and food
need calls by urbanicity, future research should be mindful of comparing across urban strata.
Thus, urbanicity should be taken into account when investigating associations between
geographic food access and food insecurity in areas that are not strictly urban, peri-urban, or
rural. Additionally, future research could investigate more factors of the food retail environment,
such as non-traditional food retail and emergency food need resources. Also, further
investigation regarding the built environment such as connectivity and public transportation
could provide greater insight into the other additional factors facilitating or impeding geographic
food access. Thus, greater research is needed in order to gain a more nuanced understanding of
how geographic food access and food insecurity are related in a variety of contexts.
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CHAPTER 3 - PAPER 2: EXAMINING GEOGRAPHIC FOOD ACCESS, FOOD
INSECURITY, AND URBANICITY AMONG DIVERSE, LOW-INCOME PARTICIPANTS
IN AUSTIN, TEXAS
Introduction
Food Insecurity: A Public Health Issue
Food insecurity is a condition that occurs when individuals have uncertain or limited
ability to acquire or lack availability of nutritious and safe foods in socially acceptable ways
(Pinstrup-Andersen, 2009). While the United States is a relatively high income and developed
nation, food insecurity affected 11.8% of households in 2017 (Coleman-Jensen et al., 2018). The
prevalence of food insecurity is higher in Texas, with 14% of Texan families identifying as food
insecure from 2015-2017 (Coleman-Jensen et al., 2018). Austin has an even higher prevalence of
food insecurity, with over 15% of families living in Austin identifying as food insecure in 2016
(Austin, 2019). The high prevalence of food insecurity in Texas and Austin is alarming since
being food insecure is associated with greater odds of having other health conditions, such as
undernutrition, anemia, obesity and overweight, and chronic diseases (Campbell, 1991;
Gundersen & Ziliak, 2015; Jones et al., 2018; Seligman et al., 2007; Seligman et al., 2009).
Thus, food insecurity is a public health concern that needs to be further explored.
Geographic Food Access and Food Insecurity
Conceptually, food insecurity is comprised of four different components: availability,
access, utilization, and stability over time (Jones et al., 2013). Access consists of access to safe
foods geographically, economically, and to culturally relevant foods (Jones et al., 2013). One of
the most commonly researched and discussed constructs of food insecurity is geographic food
access (Leroy et al., 2015). Geographic food access refers to the ability of an individual to find
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food retail within their community (Leroy et al., 2015). Geographic food access has been seen as
a critical and frequently measured and intervened upon construct when developing policies and
interventions to reduce the prevalence of food insecurity within a community (Cummins, Flint,
& Matthews, 2014; Grimm et al., 2013; Leroy et al., 2015; Liese et al., 2014; Rose, 2010).
However, findings regarding the association between geographic food access and food insecurity
have been inconsistent (Kirkpatrick & Tarasuk, 2010; Larson et al., 2009; Xiaoguang Ma et al.,
2016). Some scholars have found that the association between geographic food access and food
insecurity can vary based on community context and by types of measures of geographic food
access (Kirkpatrick & Tarasuk, 2010; Larson et al., 2009; Xiaoguang Ma et al., 2016).
Measures of Geographic Food Access
There are a variety of measures for geographic food access. These measures can be
divided into two main categories: objective measures and perceived measures (Charreire et al.,
2010; Leroy et al., 2015). Objective measures typically employ GIS or mapping analysis while
perceived measures are predominantly survey based and self-reported (Barnes et al., 2015;
Charreire et al., 2010; Leroy et al., 2015; Xiaoguang Ma et al., 2016). Objective measures of
geographic access often include measuring the distance from an individual’s home to a food
retail outlet, calculating how many and type of food retail located within a Euclidean or network
buffer around an individual’s home, or the density of food retail within a geographic unit such as
a county, zip code, or census tract (Charreire et al., 2010; Leroy et al., 2015; Opfer, 2010;
Phillips, 2011; Sweeney et al., 2016).
Methodological Needs in the Literature
While there has been a wealth of published research on geographic food access, there are
limitations to many of the utilized measures (Burgoine et al., 2013; Charreire et al., 2010). The
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majority of geographic food access research studies only utilizes one measure of objective or
perceived geographic food access (Beaulac et al., 2009; Walker et al., 2010). This is problematic
because solely using objective measures may not capture the intricacies of individual and
community behaviors, and thus may be under- or overestimating areas with limited geographic
food access (Burgoine et al., 2013; Ver Ploeg et al., 2014). However, utilizing only measures of
perceived access may not be the most comprehensive or accurate (Burgoine et al., 2013; Ver
Ploeg et al., 2014).
Additionally, many of the published analyses only explore aggregated measures of
geographic food access within an area, such as the number of supermarkets within a zip code or
buffer, rather than calculating individual distances which would more accurately measure
geographic food access (Burgoine et al., 2013; Ver Ploeg et al., 2014). Thus, some scholars have
called for more research to be conducted that incorporate both objective measures of geographic
access and survey or qualitative data in order to more accurately and sensitively measure
geographic food access within a community’s context (Xiaoguang Ma et al., 2013; Xiaoguang
Ma et al., 2016; Meenar, 2017; Pettygrove & Ghose, 2016). Therefore, more research is needed
that utilizes multiple measures of geographic food access and community context.
Research Objective and Aims
Objective
The objective of this study was to explore the association between geographic food
access and food insecurity and the potential role of individual-level measured indicators of
race/ethnicity, income, and urbanicity, by utilizing survey and geographic data.
Specific Aims
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Aim 1: To examine the relations between food insecurity and geographic food access among
FRESH-Austin cohort participants by utilizing network buffers and distance measures from
participants’ home to the nearest large grocery store/supermarket.
Hypothesis 1: Participants experiencing food insecurity will live further away from large
grocery stores/supermarkets than participants that are food secure.
Aim 2: To determine if there are differences in geographic food access and food insecurity by
demographic factors such as race/ethnicity and urbanicity.
Hypothesis 1: Participants who are racial/ethnic minorities will be less likely to have
large grocery stores/supermarkets located near their home and more likely to be food
insecure than non-Hispanic white participants.
Hypothesis 2: Participants residing in rural areas will be less likely to have any type of
food retail located near their home and more likely to be food insecure than those living
in urban areas.
Methods
Study Design and Sample
This study utilized a cross-sectional study design and data from the FRESH-Austin study.
Participants were individuals who completed the baseline survey in October 2018-March 2019,
were 18 years of age or older, were the primary food shoppers for their household, spoke English
or Spanish, and lived in the greater Austin area (including areas outside of Travis County). The
sample for this analysis only included cohort participants that lived in Travis County (N=393)
and had completed the baseline survey and provided a home address. Additionally, data
regarding locations and types of food retail in Travis County were provided from the City of
Austin Food Environment Analysis (FEA), which was a comprehensive program to map the food
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retail environment of Travis County, Texas. This study was approved by the UTHealth
Institutional Review Board (HSC-SPH-18-0233).
Variables
Independent Variables
Geographic food access was measured by the presence of food retail near participants’
homes and distance from the participants’ homes to the closest food retail location by type. This
was calculated by geocoding the home addresses of FRESH-Austin cohort participants,
developing buffers around those home locations, and determining if food retail outlets are
located in the buffers. Euclidean and network buffers (utilizing the Service Area Tool) at the
500m, 1000m, and 1500m radii were calculated (ESRI, 2019). The “no trim” option was
specified, in line with the literature and given that multiple buffers were created (Sallis et al.,
2016). The buffers were centered around each cohort participant’s home address, which were
provided in the FRESH-Austin Baseline survey process. Additionally, distance from each
participant’s home to the nearest large grocery stores/supermarkets and convenience stores was
measured utilizing ArcGIS Closest Facility Tool for each type of food retail (ESRI, 2019).
A food retail environment layer was developed for the analysis based on food retail
location data from the City of Austin’s FEA of Travis County. Geographic food access was
measured as a binary variable based on the presence of large grocery stores/supermarkets and
convenience stores in the various size buffers. The majority of research investigating geographic
food access looks at the presence of supermarkets/large grocery stores in an area (Barnes et al.,
2015; Charreire et al., 2010; Leroy et al., 2015; Xiaoguang Ma et al., 2016). Convenience stores
were added to the analyses in order to have a slightly more nuanced of the local food
environment, and since convenience stores tend to offer more unhealthy food options (Bodor,
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Rose, Farley, Swalm, & Scott, 2008; D'Angelo, 2011). Categories for food retail were defined
based on the Baltimore Food Environment Report (Buczynski, Freishtat, & Buzogany, 2015).
Large grocery stores/supermarkets were defined as having over half of items for sale were food
items, and they offered additional services (e.g., pharmacy, optometrist, bill paying services,
etc.). Convenience stores were defined as less than half of the items for sale were food items and
typically no other additional services available.
Dependent Variables
Food insecurity status was the dependent variable. Food insecurity status was measured
based upon the 2-item food insecurity screener in the baseline FRESH-Austin survey and
dichotomized as food insecure or food secure. The 2-item food insecurity screener has been
validated in a variety of low-income contexts and in clinical and non-clinical settings
(Gundersen, Engelhard, Crumbaugh, & Seligman, 2017; Makelarski, Abramsohn, Benjamin, Du,
& Lindau, 2017; Radandt et al., 2018). The 2-item screener categorized households as food
secure, sometimes food insecure, and often food insecure, but has been dichotomized in the
literature as food secure and sometimes/often food insecure (Gundersen et al., 2017; Makelarski
et al., 2017; Radandt et al., 2018).
Demographic Indicators
A variety of demographic questions were also included in the FRESH-Austin Baseline
survey and were included in the analysis. Race/ethnicity was self-reported in the baseline survey.
Urbanicity was categorized based upon the Census definition and US Department of Defense
definition of urban areas based on population density (Lebel et al., 2016; Morton & Blanchard,
2007; Register, 2003 ). Zip codes with a population density over 3,000 people per square mile
were categorized as urban, zip codes with a population density between 1,000 and 3,000 people
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per square mile were categorized as peri-urban, and zip codes with a population density of less
than 1,000 people per square mile were categorized as rural (Register, 2003 ).
Potential Covariates
Indicators such as income, employment, education status, and main mode of
transportation were included in the analyses as potential covariates. Income, employment status,
education, and main mode of transportation were all self-reported by participants in the FRESHAustin baseline survey. Income was reported as a categorical variable, as under $25,000,
between $25,000-44,999, $45,000-$65,000, and over $65,000. Participants reported employment
status as unemployed, part-time, full-time, or retired. Education status was reported by
participants as less than high school, graduated high school/obtained GED, some college, and
completed college or more. Main mode of transportation was reported as personal car, ride share
car or taxi, bicycle, walking, and public transit bus; however, this was then dichotomized into
personal car or other mode of transportation for logistic regression analyses.
Analyses
Statistical analyses were performed utilizing Stata version 14 and ArcGIS (ESRI, 2019;
StataCorp, 2015). Descriptive statistics included frequencies, and percentages were calculated
for each categorical variable and indicator. Mean and standard deviations were calculated for
each continuous variable. Dependent variables were assessed for normality using the ShapiroWilk test and visually. Categorical variables were checked for the potential need to collapse
across categories. T-tests or Chi-square tests depending on the number of categories, or MannWhitney U tests (depending on normality) were used to compare differences across groups at
 =  Additionally, logistic regression models were developed in order to examine the
associations between geographic food access and food insecurity status among the FRESH-
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Austin cohort members. Tests of interaction between geographic food access and race/ethnicity
and urbanicity were also conducted.
Results
Sample and Descriptive Statistics
The final sample consisted of all participants that participated in the FRESH-Austin
Baseline survey that lived in Travis County and provided their address (N=393). Descriptive data
are presented in Table 1. Participants in the FRESH-Austin Cohort reported were predominantly
Hispanic (54.10%). Over 55% of participants lived in a zip code that was classified as urban.
Almost 23% of participants reported an annual household income under $25,000, and 29% made
over $65,000. Approximately 47% worked full-time, and 45% attained a college or advanced
degree. Over 90% of participants reported using a personal car as their main form of
transportation.
Only three participants had a supermarket/large grocery store located in their smallest
(500m) network buffer. The vast majority of participants (76.49%) did not have a supermarket
located in their 500m, 1000m, or 1500m network buffers. However, over 80% of participants had
a convenience store located within 1500m of their home. These differences in proximity are also
evident in the average distance to closest supermarket and corner stores, with participants living
an average of 1.66 miles away from the closest supermarket/large grocery store, and 0.67 miles
away from the closest convenience store. Nearly 40% of participants reported being sometimes
or often food insecure.
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Paper 2 Table 1: Descriptive Statistics for Geographic Food Access, Food Insecurity and various
indicators and potential covariates among the FRESH-Austin Cohort
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Results from Logistic Regression Models
The findings for the logistic regression models are presented in Table 2. Model I depicts
unadjusted associations for the geographic food access variables of presence of specific food
retail within buffers, average distance to the nearest supermarket or convenience store,
race/ethnicity, and urbanicity variables. Model II includes the variables presented in Model I and
additionally includes the potential covariates of income, employment status, education, and main
mode of transportation. Tests of interactions between geographic food access and race/ethnicity
and urbanicity variables were conducted, but there were no statistically significant interactions.
Findings from the unadjusted model found that geographic food access was not
statistically significant with food insecurity among cohort participants within this relatively small
geographic area. However, participants who identified as Hispanic had 2.79 times greater odds (p
< 0.01) of being food insecure than cohort participants who identified non-Hispanic white. In the
adjusted model, residents of rural areas had 2.07 times greater odds (p <0.05) of being food
insecure than cohort participants from urban areas. Income was a significant covariate, with
participants who earned between $45,000-$64,999 (OR=0.25, p<0.01) and over $65,000
(OR=0.09, p<0.01) had lower odds of being food insecure than cohort participants who had an
annual income under $25,000.
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Paper 2 Table 2: Logistic regression examining the association between geographic food access,
food insecurity status and various indicators and potential covariates
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Discussion
Overall Findings
The results of the descriptive statistics and logistic regression models indicated that
there are various factors that were associated with food insecurity among the FRESH-Austin
Cohort. Of note, the prevalence of food insecurity in the FRESH-Austin Cohort (39.60%) is
more than double the prevalence of food insecurity for the City of Austin (15%) (Austin,
2019). Geographic food access was not found to be associated with food insecurity at a
statistically significant level in the adjusted or unadjusted models, which adds to inconsistent
findings found in the established literature (Kirkpatrick & Tarasuk, 2010; Larson et al., 2009;
Xiaoguang Ma et al., 2016). Ma and colleagues (2016) posited that perhaps perceived
geographic food access could be a better indicator than objective measures of geographic
food access and should be explored in future research.
Survey participants who identified as Hispanic had greater odds (OR = 2.79, p <0.01)
of being food insecure than their non-Hispanic white counterparts in the unadjusted model,
but the association was no longer significant once adjusting for income, employment,
education and main mode of transportation, contrary to the literature base (Beaulac et al.,
2009; Ford & Dzewaltowski, 2010; Meenar, 2017; Raja, Ma, & Yadav, 2008; Walker et al.,
2010; Zenk et al., 2005). Survey participants who lived in rural zip codes had greater odds of
being food insecure than cohort members who lived in urban zip codes in both the unadjusted
and adjusted models. This finding is novel, since the majority of food insecurity and
geographic food access research is focused on either rural or urban populations, rather than a
cohort that contains multiple urbanicity classifications(Ford & Dzewaltowski, 2010; Garasky
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et al., 2006; Lebel et al., 2016; Morton & Blanchard, 2007; Rivera et al., 2018). Income had
statistically significant associations with food insecurity, which is consistent with the
established literature (Beaulac et al., 2009; Meenar, 2017; Walker et al., 2010).
Strengths and Limitations
Strengths
This study has numerous strengths and potential contributions to the literature.
Previous studies typically have only utilized census data with food retail or aggregated data
to measure objective geographic food access and have not used additional data sources to
provide greater context (Beaulac et al., 2009; Ver Ploeg et al., 2009; Ver Ploeg et al., 2014;
Walker et al., 2010). This lack of community driven and individual-level data has been
identified by researchers, who have often stated the need for utilizing multiple sources of
data (Darcy Ann Freedman, 2008; Darcy A Freedman & Bell, 2009; Liese et al., 2014;
Xiaoguang Ma et al., 2013; Meenar, 2017).
As previously mentioned, the majority of food insecurity and geographic food access
research is focused solely on an urban or rural area. Thus, the majority of research does not
compare geographic food access and food insecurity across multiple urbanicity
classifications (urban, peri-urban, rural), as was done in this analysis (Ford & Dzewaltowski,
2010; Garasky et al., 2006; Lebel et al., 2016; Morton & Blanchard, 2007; Rivera et al.,
2018). Therefore, this study provides a valuable contribution to the literature base.
Limitations
However, there are notable limitations in this study. For instance, while this study
utilized individual level data for location of participants, proximity to food retail, and
65

demographic factors and indicators, it did not incorporate confirmed shopping behaviors.
Additionally, this study utilized a sample purposeful sampling with customers of specific
non-traditional food retail outlets, in areas that were geographically proximal to those outlets,
and areas that were similar demographically to those that were proximal to the outlets. Thus
the resulting sample predominantly resided in the Eastern Crescent of Austin (which is
mainly low-income), were majority Hispanic and had a much higher prevalence of food
insecurity than other city data; therefore, these findings may not be generalizable to other
communities or other areas in the greater Austin area (Austin, 2019). However, even when
analyses were restricted to the geographically exposed and control groups of the sample, the
same significant findings were found with the same directionality and similar magnitude.
Future research could explore these associations with a sample that includes higher-income
areas of Austin in order to have a more representative sample. Yet, despite these limitations,
this study fills notable gaps in the literature by utilizing multiple data sources and including
demographic indicators and covariates, and accounting for urbanicity in the analysis.
Recommendations and Future Research
Given that urbanicity and income were statistically significantly associated with food
insecurity, future research regarding the association between geographic food access and
food insecurity should be mindful of urbanicity, income and the potential role of perceived
geographic food access. Urbanicity should be taken into account when exploring the
association between geographic food access and food insecurity in areas that are not strictly
urban or rural. By including urbanicity, future research could have a more nuanced
understanding of how the association between geographic food access and food insecurity
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exist in different environments. Also, the inconsistent literature regarding geographic food
access and food insecurity suggest that other measures of food access should be considered,
such as perceived geographic food access or economic food access. Thus, further research is
needed in order to gain a more consistent literature base and greater insight as to how
geographic food access and food insecurity are related in various settings.

67

CHAPTER 4 - PAPER 3: DO PEOPLE SHOP CLOSE TO HOME: EXPLORING FOOD
SHOPPING BEHAVIORS BY GEOGRAPHIC FOOD ACCESS, FOOD INSECURITY
STATUS, AND DEMOGRAPHIC INDICATORS AMONG A DIVERSE, LOW-INCOME
PARTICIPANTS IN AUSTIN, TEXAS

Introduction
Food Insecurity: A Public Health Issue
Food insecurity is a condition that can occur when individuals do not have stable
availability or ability to acquire nutritionally adequate and safe foods in socially acceptable
ways (Pinstrup-Andersen, 2009). Food insecurity is very prevalent in the United States
despite being a wealthy nation, with 11.8% of households in 2017 struggling with food
insecurity (Coleman-Jensen et al., 2018). Prevalence of food insecurity varies by state, with
Texas having a prevalence of food insecurity above the national average, and approximately
14% Texas families identifying as food insecure in the time period of 2015-2017 (ColemanJensen et al., 2018). The prevalence of food insecurity is even higher in the Austin area, with
over 15% of Austin families identifying as food insecure in 2016 (Austin, 2019). This high
prevalence of food insecurity is a public health concern since being food insecure has been
associated with greater odds of having other health conditions such as undernutrition,
anemia, obesity, diabetes, hypertension and others (Campbell, 1991; Gundersen & Ziliak,
2015; Seligman et al., 2007; Seligman et al., 2009). Thus, it is of importance to the public
health research community to further investigate food insecurity and its various indicators.
Geographic Food Access and Measures
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Food insecurity is comprised of four constructs: access, availability, utilization, and
stability of resources over time (Jones et al., 2013; Pinstrup-Andersen, 2009). One of the
most widely recognized indicators of food insecurity is access. Geographic access is defined
as the physical presence of affordable, culturally relevant, and safe food within an
individual’s community (Jones et al., 2013; Leroy et al., 2015; Pinstrup-Andersen, 2009).
Geographic food access is one of the most commonly discussed and researched components
of food access and its influence on food insecurity (Leroy et al., 2015). Geographic food
access is often measured objectively through geographic or GIS-based analyses (Barnes et
al., 2015; Leroy et al., 2015; Xiaoguang Ma et al., 2016; Sweeney et al., 2016; Ver Ploeg et
al., 2014). In the geographic food access literature, it is widely assumed that individuals and
communities have geographic food access if food retail is located within or within a short
distance (often a mile or less) of their homes/communities (Beaulac et al., 2009; Liese et al.,
2014; McEntee & Agyeman, 2010; Phillips, 2011; Ver Ploeg et al., 2014). However, this
assumption has been minimally explored, and studies have found that while proximity is an
important factor, people are not necessarily shopping at the locations closest to their homes
(Cannuscio, Hillier, Karpyn, & Glanz, 2014; Cannuscio et al., 2013; Hillier et al., 2011;
Hirsch & Hillier, 2013; MacNell, 2018).
Shopping Behavior
Shopping behaviors, such as number of shopping locations and frequency of
shopping, are found to be associated with healthier eating (Pechey & Monsivais, 2015).
While there has been some research conducted on shopping behaviors and motivations, this
work has is limited and there are notable gaps. Also, current research has primarily focused
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on shopping at supermarkets/large grocery stores and not other food retail, such as
convenience stores (Hillier et al., 2011; Hirsch & Hillier, 2013). While not focused on
shopping behaviors, a cross-sectional survey and GIS analysis found that food insecure
individuals lived further from supermarkets and closer to corner stores (Dachner, Ricciuto,
Kirkpatrick, & Tarasuk, 2010; Thomas, 2010). Additionally, Ma and colleagues (2017) found
that food insecure individuals were more likely to shop at more than one location in order to
maximize value and discounts (Xiaonan Ma et al., 2017). Shopping behavior research does
not often utilize geographic analyses or include a discussion on geographic food access and
food insecurity (Cannuscio et al., 2014; Cannuscio et al., 2013; DiSantis, Hillier, Holaday, &
Kumanyika, 2016; Hillier et al., 2011; Hirsch & Hillier, 2013).
However, geographic food access and food insecurity status are not the only factors
that could influence food shopping behaviors. Scholars have posited that shopping behaviors
may vary by demographic factors such as urbanicity, race/ethnicity, income, etc. yet more
investigation is needed (Fish, Brown, & Quandt, 2015; MacNell, 2018; MacNell, Elliott,
Hardison-Moody, & Bowen, 2017; Meenar, 2017). Shopping motivations have been
limitedly examined, however have been shown to also affect shopping behaviors (MacNell et
al., 2017). Thus, further research is needed to explore if shopping behaviors are affected by
geographic food access, food insecurity status, and other demographic indicators.
Research Objective and Aims
Objective
The objective of this study was to determine if shopping behaviors of the cohort
participants are impacted by geographic food access, food insecurity and the potential role of
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individual-level measured indicators of race/ethnicity, income, and urbanicity, and if
individuals shop at the food retail closest to their home.
Specific Aims
Aim 1: To examine the relations between shopping behaviors, food insecurity status and
geographic food access measures among FRESH-Austin cohort participants.
Hypothesis 1: Participants experiencing food insecurity will have different shopping
behaviors, in terms of where and how often they are shopping for food, than those
that are food secure.
Hypothesis 2: Participants who do not have supermarkets located near their home will
have different shopping behaviors, in terms of where and how often they are shopping
for food, than those who have supermarkets closer to their home.
Hypothesis 3: Participants who do not have convenience stores located near their
home will have different shopping behaviors, in terms of where and how often they
are shopping for food, than those who have convenience stores closer to their home.
Aim 2: To examine if participants are shopping at the supermarkets and convenience stores
that are located closest to their homes.
Aim 3: To explore if there are differences in shopping behaviors by demographic indicators,
such as race/ethnicity and urbanicity.
Hypothesis 1: Racial/ethnic minority participants will have different shopping
behaviors, in terms of frequency and location of food shopping than non-Hispanic
white participants.
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Hypothesis 2: Participants in peri-urban and rural areas will have different shopping
behaviors, in terms of frequency and location of food shopping, than participants in
urban areas.
Methods
Study Design and Population
This study utilized a cross-sectional study design and baseline survey data from the
FRESH-Austin study. Participants were individuals who completed the baseline survey in
October 2018-March 2019, were 18 or older, were the primary food shopper for household,
spoke English or Spanish, lived in Travis County, and provided a home address at baseline.
The analytic sample included 393 cohort participants who met the above criteria.
Additionally, data regarding food retail locations were provided from the City of Austin’s
Food Environment Analysis (FEA).
Variables
Independent Variables
For this analysis, geographic food access and food insecurity were the independent
variables. Geographic food access was measured based upon the previously developed and
discussed network buffers at 500m, 1000m, and 1500m radii. These were developed in
ArcGIS and were centered around each cohort participant’s home address (ESRI, 2019). The
“no trim” option was specified, in line with the literature and given that multiple buffers
were created (Sallis et al., 2016).
A food retail environment layer was developed for the analysis with food retail
location data from the City of Austin’s FEA of Travis County. Subsequently, binary
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variables were created to determine the presence of supermarkets/large grocery stores and
convenience stores that the participant reported shopping at within the various size buffers by
type of food retail. Also, continuous variables measuring the network distance between the
participant’s home and self-reported shopping locations were created using ArcGIS, R, and
Google Distance Matrix API (ESRI, 2019; Team, 2017). The exact locations and specific
stores were self-reported by the respondent in the FRESH-Austin baseline survey. For this
study, supermarkets/large grocery stores and convenience stores were selected as the types of
food retail of interest since over 99% of the sample reported shopping at supermarkets and in
the literature, supermarkets are seen as a retail location which provide access to healthy and
unhealthy food (Hillier et al., 2011; Hirsch & Hillier, 2013). Convenience stores were added
to the analyses since convenience stores are often seen as retail locations with unhealthy food
offerings and in order to have a slightly more nuanced understanding of the local food
environment (Bodor et al., 2008; D'Angelo, 2011).
Food insecurity status was the second independent variable. Food insecurity status
was measured based upon the 2-item food insecurity screener in the baseline FRESH-Austin
survey. The 2-item food insecurity screener has been validated with a variety of low-income
populations both in clinical and non-clinical settings (Gundersen et al., 2017; Makelarski et
al., 2017; Radandt et al., 2018). The 2-item screener categorizes households as food secure,
sometimes food insecure, and often food insecure, but is often then dichotomized in the
literature as food secure and sometimes/often food insecure (Gundersen et al., 2017;
Makelarski et al., 2017; Radandt et al., 2018).
Dependent Variables
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Self-reported shopping behavior related variables were the dependent variables for
the proposed analysis. Shopping behavior was self-reported by the FRESH-Austin participant
in the FRESH-Austin Baseline survey. Individuals were asked where they shop and how
often they shop at different types of food retail. Participants provided information about the
exact store that they shop at, whether they buy food there, and how often they have gone to
each establishment in the last month, these questions were developed by the FRESH-Austin
evaluation team. Respondents reported frequency of shopping in terms of less than once a
month, once a month, two-three times a month, weekly, 2-3 times a week, or four or more
times a week. These categories were then collapsed given the distribution of food shopping at
supermarkets and convenience stores respectively. Given that supermarket and convenience
store shopping could be different types of food shopping and constructs, the analyses were
stratified by supermarkets and convenience stores.
There were two variables that were created to determine supermarket shopping
behaviors. Number of supermarkets visited monthly was reported in the baseline survey and
due to the distribution was categorized as one and more than one. Frequency of food
shopping at supermarkets was also reported in the baseline survey and was operationalized as
once a week or less, and more than once a week due to the distribution.
Two variables were created to determine convenience store shopping behaviors.
Given only seven participants shopped at more than one convenience store in the last month,
convenience store shopping was a yes/no binary variable. Due to the distribution of
frequency of convenience store shopping, frequency of food shopping at convenience stores
was operationalized a once a month and more than once a month.
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Demographic Indicators
A variety of demographic questions were also included in the FRESH-Austin
Baseline survey and were included in the analysis. Race/ethnicity was self-reported by the
participant in the survey. Urbanicity was categorized based upon the Census definition and
US Department of Defense definition of urban areas based on population density (Lebel et
al., 2016; Morton & Blanchard, 2007; Register, 2003 ). Zip codes with a population density
over 3,000 people per square mile were categorized as urban, zip codes with a population
density between 1,000 and 3,000 people per square mile were categorized as peri-urban, and
zip codes with a population density of less than 1,000 people per square mile were
categorized as rural (Register, 2003 ).
Potential Covariates
Various potential covariates were included in the analysis, specifically income,
employment status, main mode of transportation, and shopping motivations, all of which
were self-reported by the FRESH-Austin cohort participant in the baseline survey. Income
was reported as a categorical variable, as under $25,000, between $25,000-44,999, $45,000$65,000, and over $65,000. Participants reported employment status as unemployed, parttime, full-time or retired. Main mode of transportation was reported as personal car, ride
share car or taxi, bicycle, walking, and public transit bus, however, this was then
dichotomized into personal car or other mode of transportation for logistic regression
analyses. All participants were asked to rank in order of importance the following
motivations for deciding where they shop: prices, quality of food, quality of store, cultural
variety, and variety of food. The most important factor reported was then used to develop a
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categorical variable for primary shopping motivation. These categories were then collapsed
to price, quality of food, and other reason due to sample size.
Analyses
Statistical analyses were performed utilizing Stata version 14, ArcGIS, and R (ESRI,
2019; StataCorp, 2015; Team, 2017). Descriptive statistics included frequencies, and
percentages were calculated for each categorical variable. Dependent variables were assessed
for normality both visually and by using the Shapiro-Wilk test. Categorical variables were
examined for the potential need to collapse across categories. T-tests or Chi-square tests
depending on the number of categories, or Mann-Whitney U tests (depending on normality)
were used to compare differences across groups at  =  Additionally, logistic regression
models were developed in order to examine the associations between geographic food access
and food insecurity status on shopping behaviors (number of locations and frequency of
shopping) among the FRESH-Austin cohort members stratified by food retail type. Tests of
interaction between geographic food access, food insecurity, race/ethnicity and urbanicity
were also conducted.
Results
Sample and Descriptive Statistics
The final sample consisted of all participants that participated in the FRESH-Austin
baseline survey that lived in Travis County and provided their address (N=393). Descriptive
data are presented in Paper 3 Table 1. Nearly 40% of participants reported being sometimes
or often food insecure. The sample was predominantly Hispanic (54.10%) and resided in
urban areas (55.38%), and almost 23% of participants reported earning under $25,000
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annually. About 53% of participants stated quality of food was most important deciding
factor for where to shop. Over 99% of participants reported shopping at supermarkets and
44% reported shopping at more than one supermarket. Over a third (36.62%) of participants
who shopped at supermarkets reported shopping for food at supermarkets more than once a
week. Approximately 22% of participants shopped at convenience stores. Of those that
shopped at convenience stores, 44% shopped at convenience stores for food more than once a
month.
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Paper 3 Table 1a: Descriptive statistics of geographic food access, food insecurity, shopping
behaviors, and various indicators and potential covariates (part 1/2)
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Paper 3 Table 1b: Descriptive statistics of geographic food access, food insecurity, shopping
behaviors, and various indicators and potential covariates (part 2/2)
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Only three participants had a supermarket/large grocery store located in their smallest
(500m) network buffer. Almost 25% of participants had a supermarket located within a
1500m network buffer, but only 11.45% of participants reported shopping at the
supermarkets located in their buffers. Similarly, over 80% of participants had a convenience
store located within 1500m of their home yet only 11.45% of participants shopped at the
convenience stores located in their buffers. A more comprehensive depiction of presence and
reported shopping at supermarkets and convenience stores by buffer are presented in Figure
1.
Paper 3 Figure 1: Percentage of Presence and Reported Shopping of Convenience Stores and
Supermarkets in Buffers among FRESH Cohort Participants at Baseline
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Results from Logistic Regression Models
Logistic regression models were conducted in order to examine the associations
between geographic food access and food insecurity status among the FRESH-Austin cohort
members. The findings for the logistic regression models are presented in Tables 2-5. Table
2 presents the models pertaining to supermarket shopping behaviors in terms of number of
supermarkets and Table 3 presents models regarding supermarket shopping frequency as the
dependent variables. Table 4 presents the models for convenience store shopping behaviors,
in terms of convenience store shopping and Table 5 displays models for convenience store
shopping frequency as the dependent variables. Model I included unadjusted associations for
the geographic food access variables of presence of specific food retail within 1000m and
1500m buffers, shopping at specified type of food retail within buffers, race/ethnicity, and
urbanicity variables for both number of shopping locations and frequency of shopping
stratified by food retail type. Model II included the variables presented in Model I and the
potential covariates of income, employment status, and main mode of transportation for both
number of shopping locations and frequency of shopping stratified by food retail type. Tests
of interaction between geographic food access, food insecurity, race/ethnicity and urbanicity
were also conducted, and were not statistically significant.
Supermarket Shopping Behaviors
Supermarket shopping behavior models are located in Tables 2 and 3. Number of
supermarket locations shopped at was found to have a statistically significant association
with urbanicity. Participants who resided in peri-urban areas had 2.06 times greater odds
(p<0.05) of shopping at more than one supermarket than those who lived in urban areas.
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Participants who reported that quality of food was the most important deciding factor for
where to shop were less likely to shop at more than one supermarket (OR = 0.51, p<0.05)
Food insecurity was found to be associated with being less likely to shop at more than one
supermarket (OR=0.62, p<0.05) in the unadjusted model, but this relation was no longer
significant in the adjusted model.
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Paper 3 Table 2: Logistic regression models examining association between geographic food
access, food insecurity, and number of supermarkets shopped at and various indicators and
covariates

83

Supermarket shopping frequency was also found to have a statistically significant
association with urbanicity. Participants who resided in rural areas were found to be less
likely (OR = 0.33, p<0.01) to shop at more than one supermarket than those who lived in
urban areas. While not significant in the adjusted model, in the unadjusted model participants
who did not have a supermarket located in any network buffers were less likely (OR = 0.48,
p<0.05) to shop at supermarkets more than once a week.
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Paper 3 Table 3: Logistic regression models examining association between geographic food
access, food insecurity, and supermarket shopping frequency and various indicators and
covariates

Convenience Store Shopping Behaviors – Full Sample
Convenience store shopping behaviors are located in Tables 4 and 5. As shown in
Table 4, shopping at convenience stores were found to have statistically significant
associations with supermarket shopping behaviors. Individuals who reported shopping at
supermarkets within their 1500m network buffers were less likely (OR = 0.19, p<0.05) to
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shop at convenience stores than those who did not shop at supermarkets within 1500m from
their home.
Paper 3 Table 4: Logistic regression models examining association between geographic food
access, food insecurity, and convenience store shopping and various indicators and covariates
- Full Sample
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Logistic regression models pertaining to convenience store shopping frequency are
shown in Table 5. Convenience store shopping frequency was found to have a statistically
significant association with employment status. Participants who were retired were found to
be less likely (OR = 0.06, p<0.05) to shop at convenience stores more than once a month
than those who were unemployed. In the unadjusted model participants who were food
insecure had 5.68 greater odds (p<0.01) of shopping at convenience stores more than once a
month than food secure participants, yet this association was not significant (p=0.07) in the
adjusted model.
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Paper 3 Table 5: Logistic regression models examining the association between geographic
food access, food insecurity and convenience store shopping frequency and various
indicators and potential covariates

Convenience Store Shopping Behaviors – Limited Sample
Additional analyses were conducted to look at corner store shopping behavior with a
limited, but more representative component of the sample. These analyses were restricted to
those that were recruited from the geographically exposed and control areas. When restricted
to this sample, there were some very unusual findings. Specifically, that individuals who
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earned between $25,000-$44,999 (OR = 22.07, p<0.05), and between $45,000-$64,999 (OR
= 26.27, p<0.05) were more likely to shop at convenience stores than those that earned under
$25,000. Also, those that worked part-time had greater odds of shopping at convenience
stores (OR = 28.80, p<0.01) than those who were unemployed. Additionally, individuals who
reported that quality of food as their primary motivation for deciding where to shop had
greater odds of shopping at convenience stores (OR = 6.09, p<0.05) than those who reported
any other reason (other than price). Frequency of shopping at convenience stores could not
be determined with this sample due to inadequate sample size and power.
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Paper 3 Table 6: Logistic regression models examining association between geographic food
access, food insecurity, and convenience store shopping and various indicators and covariates
– Limited Sample
Convenience Store Shopping
N = 233

Model I
Unadjusted
OR (CI)

Variable (reference category for categorical variables)

Model II
Adjusted
OR (CI)

Variables Introduced in Model I
Presence of Supermarket/Large Grocery Store (Referent = 500m or 1000m Network Buffer)
Presence within 1500m Buffer
Not Present in Any Buffer

0.66 (0.12-3.70)
0.69 (0.19-2.43)

0.48 (0.05-4.43)
0.85 (0.18-4.00)

Presence of Convenience Store (Referent = 500m Network Buffer)
Presence within 1000m Buffer
Presence within 1500m Buffer
Not Present in Any Buffer

1.76 (0.51-6.12)
3.03 (0.72-12.81)
1.63 (0.38-7.08)

2.41 (0.58-9.98)
5.23 (1.06-25.78)
2.52 (0.48-13.17)

0.24 (0.03-2.05)
--

0.24 (0.02-2.53)
--

0.66 (0.24-1.78)

0.84 (0.23-3.06)

1.19 (0.39-2.92)
1.06 (0.39-2.92)
--

0.83 (0.17-4.13)
0.67 (0.18-2.43)
--

0.66 (0.21-2.09)
0.62 (0.19-2.03)

1.26 (0.33-4.90)
1.01 (0.26-3.88)

Self-Reported Shopping within Buffers
Shopped at Supermarket within any Network Buffer
Shopped at Convenience Store within any Network Buffer
Food Insecurity (Referent = Food Secure)
Sometimes of Often Food Insecure
Race/Ethnicity (Referent = White)
Black/African American
Hispanic or Latino
Other
Urban/Rural Status (Referent = Urban)
Peri-Urban(Between 1,000-3,000 people/square mile)
Rural (<1,000 people/square mile)
Variables Introduced in Model II
Household Income (Referent = Under $25,000)
$25,000-$44,999

22.07 (1.88-259.15)*

$45,000-64,999

26.27 (2.17-317.21)*
7.11 (0.55-91.39)

Over $65,000
Employment Status (Referent = Unemployed)

28.80 (2.74-302.74)**
6.51 (0.75-56.85)
1.52 (0.07-31.81)

Part-Time

Full-Time
Retired
Shopping Motivations (Referent = Other)

6.09 (1.09-33.93)*
2.88 (0.40-20.73)

Quality of Food
Price
Main Mode of Transportation (Referent = Personal car)
Other Form of Transport

1.86 (0.15-22.49)

p < 0.05*, p < 0.01**, -- not included due to sample size or collinearity
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Discussion
Overall Findings
These analyses demonstrate shopping behaviors vary by type of food retail, and vary
by urbanicity. Participants of the FRESH-Austin cohort were not likely to shop at the
supermarkets and convenience stores located in their buffers, which is consistent with limited
shopping behavior research but is against key assumptions in the geographic food access
literature (Cannuscio et al., 2014; Cannuscio et al., 2013; DiSantis et al., 2016; Hillier et al.,
2011; Hirsch & Hillier, 2013). Therefore, future research exploring geographic food access
should also try to incorporate reported or confirmed shopping behavior if possible.
This study found that supermarket and convenience store shopping behaviors were
found to have statistically significant associations with different variables and covariates.
Urbanicity was associated with both number of supermarkets and supermarket shopping
frequency. Peri-urban residents were more likely to shop at more than one supermarket than
urban participants. Also, rural residents were less likely to shop at supermarkets more than
once a week than urban participants. These findings are novel since the only research
regarding shopping behaviors by urbanicity are related to distance traveled (Hillier et al.,
2011; MacNell, 2018). Supermarket shopping behaviors are important indicators for healthy
eating. Number of supermarket shopping locations and frequency of food shopping have
been shown to be associated with healthy eating (Pechey & Monsivais, 2015).
Additionally, participants who reported that quality of store was the most important
determining factor for deciding where to buy food were less likely to shop at more than one
supermarket than those that listed other reasons. This could be because these participants my
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shop at one specific supermarket that they deem as having high quality food, or because they
shop at other food retailers such as farmers’ markets or specialty food stores. Future research
is needed in order to better understand this association. These findings also contribute
valuable insight into the literature which historically has only explored price as a motivating
factor for deciding on where to shop (DiSantis et al., 2016; Fish et al., 2015; MacNell et al.,
2017).
Results from the full sample found that people who reported shopping at
supermarkets within their network buffers were less likely to shop at convenience stores.
This finding, while novel, is aligned with the literature which states that individuals
predominantly shop at convenience stores because they are close to home (Xiaonan Ma et al.,
2017; MacNell, 2018). Therefore, since these participants were already shopping at
supermarkets near their home, they had no need to shop at convenience stores. These
findings are also novel since convenience store shopping by demographic characteristics has
rarely been explored (Xiaonan Ma et al., 2017; MacNell, 2018; MacNell et al., 2017).
However, there were different results when looking at the limited sample, meaning that there
is need for greater examination and research on this topic with a more representative sample.
Employment status was statistically significantly associated with frequency of
convenience store shopping. Those who were retired were less likely to shop at convenience
stores more than once a month, perhaps because they have more time to grocery shop,
however this relationship has yet to be explored in depth. As previously stated, this finding
contributes to the literature since frequency of convenience store shopping has rarely been
explored (Xiaonan Ma et al., 2017; MacNell, 2018; MacNell et al., 2017). Additionally,
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greater research is needed regarding frequency of convenience store shopping and food
insecurity status given that the association was statistically significant in the unadjusted
model.
Strengths and Limitations
Strengths
This study has numerous strengths. Previous studies typically have only utilized
census data with food retail, and not additional data sources, and researchers have often
stated the need for utilizing multiple sources data such as geographic and survey data, as was
done with this study (Liese et al., 2014; Xiaoguang Ma et al., 2013; Meenar, 2017;
Pettygrove & Ghose, 2016). Also, scholars have advocated for more analyses to be
conducted using individual level data, which were utilized in this study (Xiaoguang Ma et al.,
2013; Phillips, 2011). However, arguably the most significant contribution to the literature is
that there has been very little exploration of how shopping behaviors vary by geographic
food access, food insecurity status, and demographic factors in one set of analyses. These
findings provide new and unique insight into how individuals engage in their food
environment and make a strong case that further research is needed.
Limitations
Despite these strengths there are limitations to this study. Specifically, the close
proximity between cohort participants due to the study area of the FRESH-Austin study
could limit variability in geographic food access. Additionally, while recruitment of
participants occurred in specifically selected communities due to their demographic factors
and community resources (or lack thereof), participants had to agree to participate in the
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study, therefore it may not be the most accurate depiction of shopping behaviors of all
residents in these communities.
There are potential threats to validity, specifically for selection bias and limited
generalizability. The parent study utilized purposeful sampling with customers of specific
non-traditional food retail outlets, in areas that were geographically proximal to those outlets,
and areas that were similar demographically to those that were proximal to the outlets. Thus
the resulting sample predominantly resided in the Eastern Crescent of Austin (which is
mainly low-income), were majority Hispanic and had a much higher prevalence of food
insecurity than other city data; therefore, these findings may not be generalizable to other
communities or other areas in the greater Austin area (Austin, 2019). However, even when
analyses were restricted to the geographically exposed and control groups of the sample, the
same significant findings were found with the same directionality and similar magnitude for
supermarket shopping behaviors.
Yet, as presented in the results section, convenience store shopping behaviors section,
there were markedly different findings for convenience store shopping behaviors among
samples that included the confirmed users of non-traditional retail and the sample that was
restricted to solely participants in the geographically exposed and control groups. Thus,
future research should explore these associations with a larger, more representative sample.
However, even with the identified limitations, this study makes valuable and needed
contributions to the literature and can help future researchers and planners consider how to
better address geographic food access and food insecurity issues and demographic
considerations.
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Recommendations and Future Research
Given the novel nature of this study, future research regarding geographic food
access, shopping behaviors, food insecurity, and demographic factors is needed. Specifically,
greater research regarding how different types of shopping behaviors can vary by geographic
access to different types of food retail with a more comprehensive understanding of the food
environment could provide greater insight and more nuance into this association. Also, given
the statistically significant associations between number of shopping behaviors and
urbanicity, employment, and shopping motivations, future research needs to be mindful of
the aforementioned demographic factors. Thus, the establishment of a stronger literature base
to further investigate these associations is needed.
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CHAPTER 5 - CONCLUSION

Summary of Overall Findings
The goals of this dissertation were threefold. Paper 1 was to examine the relations
between geographic food access and food insecurity in Central Texas by the community level
measured indicators of race/ethnicity and urbanicity. Paper 2 investigated the association
between geographic food access and food insecurity in the greater Austin area by individual
level measured indicators of race/ethnicity and urbanicity. Paper 3 explored the role of food
insecurity, geographic food access and individual level indicators of race/ethnicity and
urbanicity on food shopping behavior.
Paper 1 utilized call log data from the United Way for Greater Austin’s 2-1-1 call line in
2018 and objective measures of the food environment using ArcGIS, R, and Google Places
API to investigate the association between geographic food access and food need calls in a
10-county area in Central Texas. Among urban callers, callers from zip codes that had a
majority racial/ethnic minority population and had higher prevalence of unemployment were
less likely to call with a food need. For peri-urban callers, living in zip codes that only had
supermarkets located in neighboring zip codes, higher percentage of low-income residents
and unemployment were more likely to call with food needs and peri-urban callers with a
high percentage of households on SNAP were less likely to call with food needs. For rural
callers, only having a supermarket in a neighboring zip code was associated with being more
likely to have a food need call.
Paper 2 used baseline survey data from the FRESH-Austin Cohort and objective
measures of the geographic food access from the City of Austin’s Food Environment
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Analysis (FEA) to explore the association between geographic food access and food
insecurity and potential indicators. Results from Paper 2 found that rural participants were
more likely to be food insecure than those that lived in urban areas. Also, cohort members
who had a higher annual income were less likely to be food insecure than those who earned
under $25,000. Identifying as Hispanic was associated with greater odds of being food
insecure in the unadjusted model, but was no longer significant when adjusted for income,
education, employment, and transportation.
Paper 3 then explored the association of geographic food access and food insecurity
and additional indicators on supermarket and convenience store shopping behaviors using
data from the FRESH-Austin baseline survey and City of Austin’s FEA. These results
indicated that people did not necessarily shop at the supermarkets or convenience stores that
they lived the closest to. Additionally, peri-urban participants being more likely to shop at
multiple supermarkets and rural participants were more likely to shop less frequently at
supermarkets. Also, people who reported that quality of food was their most important factor
when deciding where to shop for food were less likely to shop at more than one grocery
store. Also, people who did shop at supermarkets near their home were less likely to shop at
convenience stores. Retired cohort participants were more likely to shop at convenience
stores less frequently. While not significant in the adjusted model, food insecure participants
were more likely to shop at convenience stores more often in the unadjusted model.
While the three papers explored different constructs there were some overarching
trends. Specifically, urbanicity was seen as a key factor in all papers that should be included
in future analyses exploring geographic food access, food insecurity, and shopping behaviors.
97

However, rural residents were not always found to be those that were the most likely to be
food insecure. This could be due to the fact that the samples utilized were predominantly
low-income callers/survey participants. Thus greater research is needed with a more
representative sample. Income was also found to be significant in Papers 1 and 2, and
employment was seen as a significant factor in Papers 1 and 3. Race/ethnicity was also found
to be significant in either adjusted or unadjusted models in Paper 1, 2, and 3. Therefore,
further research is needed in order to get more consistent findings. However, all of these
findings indicate that demographic factors such as urbanicity, race/ethnicity, income, and
employment should potentially be considered when analyzing geographic food access, food
insecurity, and shopping behaviors.
Public Health Implications
Geographic food access is an important factor for food insecurity, but other
contextual and demographic factors need to be considered when developing policies and
public health programming. Specifically, urbanicity should be given special consideration.
Programs trying to improve geographic food access and food security should try to
strategically place healthy food retail and food insecurity relief programs in peri-urban and
rural areas for the most impact, such as tax incentive programs for food retailers to build food
retail in peri-urban and rural areas. These programs should also focus on targeting lowincome areas and offering economical healthy food since higher income participants were
less likely to be food insecure. Additionally, since shopping at multiple shopping locations
and higher frequency of food shopping are found to be associated with healthy eating, further
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programs should explore how to leverage non-traditional food retail in peri-urban and rural
areas to reach those with limited geographic food access.
Additional Considerations for
Geographic Food Access Research
While this dissertation explored the indicators of race/ethnicity and urbanicity and
additional potential covariates of income, employment, education, transportation, and main
motivations for food shopping, there are additional factors that need to be explored further.
Economic food access should be prioritized to be explored in conjunction with geographic
food access. Also, future analysis should incorporate people’s travel behaviors and explore if
individuals’ shop for food near work or along their commute; thus, expanding what the
literature considers “geographic food access.” Finally, more comprehensive and nuanced
exploration of access to culturally acceptable food among racial/ethnic minorities should be
examined, perhaps with more qualitative and nuanced methods. Additionally, greater
investigation of the association between geographic food access, food shopping behaviors,
and diet quality is needed.
Recommendations and Future
Research
Given the novel nature of this dissertation there are many promising directions for
future research. Since urbanicity was significant in some capacity in all papers of the
dissertation, future research regarding geographic food access, food insecurity, and shopping
behaviors should include urbanicity. Since the current literature base is primarily focused on
urban areas or rural areas, greater exploration of peri-urban geographic food access, food
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insecurity, and shopping behaviors is needed. Additionally, future investigations of
geographic food access can build on this analysis of supermarket and convenience store
access and shopping behaviors by investigating other food retail as well, such as farmers’
markets, farm stands, smaller grocery stores, etc. Incorporating more types of food retail
could provide tremendous insight and a more comprehensive understanding of the role of the
food environment and shopping behaviors. Furthermore, future research should examine
geographic food access alongside economic food access and their association with food
insecurity. By incorporating urbanicity, other types of food retail in the food environment,
economic food access, and utilizing more representative samples, future research could build
on the current literature base and this dissertation to greater understand the association
between geographic food access and food insecurity to develop evidence-based programs to
reduce food insecurity.

100

REFERENCES
Andrews, M. S., & Nord, M. (2009). Food insecurity up in recessionary times. Retrieved
from
Austin, C. o. (2019). Food and Health - Food Insecurity Retrieved from
https://data.austintexas.gov/City-Government/Food-Health-Food-Insecurity/hsx8bpz8
Bacon, C. M., & Baker, G. A. (2017). The rise of food banks and the challenge of matching
food assistance with potential need: towards a spatially specific, rapid assessment
approach. Agriculture and Human Values, 34(4), 899-919.
Barnes, T. L., Bell, B. A., Freedman, D. A., Colabianchi, N., & Liese, A. D. (2015). Do
people really know what food retailers exist in their neighborhood? Examining GISbased and perceived presence of retail food outlets in an eight-county region of South
Carolina. Spatial and spatio-temporal epidemiology, 13, 31-40.
Beaulac, J., Kristjansson, E., & Cummins, S. (2009). Peer reviewed: A systematic review of
food deserts, 1966-2007. Preventing chronic disease, 6(3).
Bernal, J., Frongillo, E. A., Herrera, H., & Rivera, J. (2012). Children live, feel, and respond
to experiences of food insecurity that compromise their development and weight
status in peri-urban Venezuela. The Journal of nutrition, 142(7), 1343-1349.
Bhattacharya, J., Currie, J., & Haider, S. (2004). Poverty, food insecurity, and nutritional
outcomes in children and adults. Journal of health economics, 23(4), 839-862.
Bill, F. (2008). Food, Conservation, and Energy Act of 2008.
Bodor, J. N., Rose, D., Farley, T. A., Swalm, C., & Scott, S. K. (2008). Neighbourhood fruit
and vegetable availability and consumption: the role of small food stores in an urban
environment. Public health nutrition, 11(4), 413-420.
Bolt K, C. L., Casey D, Chan NL, Chen R, Jones-Smith JC, Knox M, Oddo VM, Podrabsky
M, Saelens BE,, & Schachter A, T. M., Pinero Walkinshaw L, Yang A. (2019).
Healthy Food Availability & Food Bank Network Report. Retrieved from
Boyum, S., Kreuter, M. W., McQueen, A., Thompson, T., & Greer, R. (2016). Getting help
from 2-1-1: a statewide study of referral outcomes. Journal of social service research,
42(3), 402-411.
Buczynski, A. B., Freishtat, H., & Buzogany, S. (2015). Mapping Baltimore City’s food
environment: 2015 report. Johns Hopkins University Center for a Livable Future,
https://www. jhsph. edu/research/centers-and-institutes/johns-hopkinscenter-for-alivable-future/_pdf/research/clf_reports/Baltimore-Food-Environment-Report-20151. pdf.
Burgoine, T., Alvanides, S., & Lake, A. A. (2013). Creating ‘obesogenic realities’; do our
methodological choices make a difference when measuring the food environment?
International journal of health geographics, 12(1), 33.
Campbell, C. C. (1991). Food insecurity: a nutritional outcome or a predictor variable? The
Journal of nutrition, 121(3), 408-415.
Cannuscio, C. C., Hillier, A., Karpyn, A., & Glanz, K. (2014). The social dynamics of
healthy food shopping and store choice in an urban environment. Social science &
medicine, 122, 13-20.
101

Cannuscio, C. C., Tappe, K., Hillier, A., Buttenheim, A., Karpyn, A., & Glanz, K. (2013).
Urban food environments and residents’ shopping behaviors. American journal of
preventive medicine, 45(5), 606-614.
Casey, P. H., Simpson, P. M., Gossett, J. M., Bogle, M. L., Champagne, C. M., Connell, C., .
. . Stuff, J. E. (2006). The association of child and household food insecurity with
childhood overweight status. Pediatrics, 118(5), e1406-e1413.
Caspi, C. E., Kawachi, I., Subramanian, S., Adamkiewicz, G., & Sorensen, G. (2012). The
relationship between diet and perceived and objective access to supermarkets among
low-income housing residents. Social science & medicine, 75(7), 1254-1262.
Caspi, C. E., Sorensen, G., Subramanian, S., & Kawachi, I. (2012). The local food
environment and diet: a systematic review. Health & place, 18(5), 1172-1187.
Castillo, D. C., Ramsey, N. L., Sophia, S., Ricks, M., Courville, A. B., & Sumner, A. E.
(2012). Inconsistent access to food and cardiometabolic disease: the effect of food
insecurity. Current cardiovascular risk reports, 6(3), 245-250.
Charreire, H., Casey, R., Salze, P., Simon, C., Chaix, B., Banos, A., . . . Oppert, J.-M. (2010).
Measuring the food environment using geographical information systems: a
methodological review. Public health nutrition, 13(11), 1773-1785.
Coleman-Jensen, A., Rabbitt, M. P., Gregory, C. A., & Singh, A. (2018). Household Food
Security in the United States in 2017. Retrieved from
Cook, J. T., Frank, D. A., Levenson, S. M., Neault, N. B., Heeren, T. C., Black, M. M., . . .
Cutts, D. B. (2006). Child food insecurity increases risks posed by household food
insecurity to young children's health. The Journal of nutrition, 136(4), 1073-1076.
Covington, K. L. (2015). Poverty suburbanization: Theoretical insights and empirical
analyses.
Cummins, S., Flint, E., & Matthews, S. A. (2014). New neighborhood grocery store
increased awareness of food access but did not alter dietary habits or obesity. Health
affairs, 33(2), 283-291.
Cummins, S., & Macintyre, S. (2002). “Food deserts”—evidence and assumption in health
policy making. Bmj, 325(7361), 436-438.
D'Angelo, H., Sonali Suratkar, Hee-Jung Song, Elizabeth Stauffer, and Joel Gittelsohn.
(2011). Access to food source and food source use are associated with healthy and
unhealthy food-purchasing behaviours among low-income African-American adults
in Baltimore City. Public health nutrition, 14(9).
Dachner, N., Ricciuto, L., Kirkpatrick, S. I., & Tarasuk, V. (2010). Food purchasing and food
insecurity: among low-income families in Toronto. Canadian Journal of Dietetic
Practice and Research, 71(3), e50-e56.
Daily, L. S. (2012). Health research and surveillance potential to partner with 2-1-1.
American journal of preventive medicine, 43(6), S422-S424.
DiSantis, K. I., Hillier, A., Holaday, R., & Kumanyika, S. (2016). Why do you shop there? A
mixed methods study mapping household food shopping patterns onto weekly
routines of black women. International Journal of Behavioral Nutrition and Physical
Activity, 13(1), 11.
Dunn, C. E. (2007). Participatory GIS—a people's GIS? Progress in human geography,
31(5), 616-637.
102

Eckert, J., & Shetty, S. (2011). Food systems, planning and quantifying access: Using GIS to
plan for food retail. Applied Geography, 31(4), 1216-1223.
Economic Research Service (ERS), U. S. D. o. A. U. (2018). Food Environment Atlas.
Retrieved from https://www.ers.usda.gov/data-products/food-environment-atlas/.
Retrieved September 15, 2019 https://www.ers.usda.gov/data-products/foodenvironment-atlas/
Eisenmann, J. C., Gundersen, C., Lohman, B. J., Garasky, S., & Stewart, S. D. (2011). Is
food insecurity related to overweight and obesity in children and adolescents? A
summary of studies, 1995–2009. Obesity Reviews, 12(5), e73-e83.
ESRI. (2019). ArcGIS Deskptop: Version 10.7.1. In. Redlands, CA: Environmental Systems
Research Institute, Inc. .
Finney Rutten, L. J., Yaroch, A. L., Colón-Ramos, U., Johnson-Askew, W., & Story, M.
(2010). Poverty, food insecurity, and obesity: a conceptual framework for research,
practice, and policy. Journal of hunger & environmental nutrition, 5(4), 403-415.
Fish, C. A., Brown, J. R., & Quandt, S. A. (2015). African American and Latino low income
families’ food shopping behaviors: promoting fruit and vegetable consumption and
use of alternative healthy food options. Journal of Immigrant and Minority Health,
17(2), 498-505.
Ford, P., & Dzewaltowski, D. (2010). Geographic, racial, ethnic, and socioeconomic
disparities in the availability of grocery stores and supermarkets among low-income
women across the urban–rural continuum. Journal of hunger & environmental
nutrition, 5(2), 216-233.
Franklin, B., Jones, A., Love, D., Puckett, S., Macklin, J., & White-Means, S. (2012).
Exploring mediators of food insecurity and obesity: a review of recent literature.
Journal of community health, 37(1), 253-264.
Freedman, D. A. (2008). Politics of food access in food insecure communities.
Freedman, D. A., & Bell, B. A. (2009). Access to healthful foods among an urban food
insecure population: perceptions versus reality. Journal of Urban Health, 86(6), 825838.
Frongillo Jr, E. A. (1997). Factors contributing to household food insecurity in a rural upstate
New York county. Family Economics and Nutrition Review.
Garasky, S., Morton, L. W., & Greder, K. A. (2006). The effects of the local food
environment and social support on rural food insecurity. Journal of hunger &
environmental nutrition, 1(1), 83-103.
Garcia, J., Hromi-Fiedler, A., Mazur, R. E., Marquis, G., Sellen, D., Lartey, A., & PérezEscamilla, R. (2013). Persistent household food insecurity, HIV, and maternal stress
in peri-urban Ghana. BMC public health, 13(1), 215.
Gordon, C., Purciel-Hill, M., Ghai, N. R., Kaufman, L., Graham, R., & Van Wye, G. (2011).
Measuring food deserts in New York City's low-income neighborhoods. Health &
place, 17(2), 696-700.
Grigsby-Toussaint, D. S., Zenk, S. N., Odoms-Young, A., Ruggiero, L., & Moise, I. (2010).
Availability of commonly consumed and culturally specific fruits and vegetables in
African-American and Latino neighborhoods. Journal of the American Dietetic
Association, 110(5), 746-752.
103

Grimm, K. A., Moore, L. V., & Scanlon, K. S. (2013). Access to healthier food retailers—
United States, 2011. CDC Health Disparities and Inequalities Report—United States,
2013, 62(3), 20.
Gundersen, C., Engelhard, E. E., Crumbaugh, A. S., & Seligman, H. K. (2017). Brief
assessment of food insecurity accurately identifies high-risk US adults. Public health
nutrition, 20(8), 1367-1371.
Gundersen, C., Kreider, B., & Pepper, J. (2011). The economics of food insecurity in the
United States. Applied Economic Perspectives and Policy, 33(3), 281-303.
Gundersen, C., & Ziliak, J. P. (2015). Food insecurity and health outcomes. Health affairs,
34(11), 1830-1839.
Hillier, A., Cannuscio, C. C., Karpyn, A., McLaughlin, J., Chilton, M., & Glanz, K. (2011).
How far do low-income parents travel to shop for food? Empirical evidence from two
urban neighborhoods. Urban Geography, 32(5), 712-729.
Hirsch, J., & Hillier, A. (2013). Exploring the role of the food environment on food shopping
patterns in Philadelphia, PA, USA: a semiquantitative comparison of two matched
neighborhood groups. International journal of environmental research and public
health, 10(1), 295-313.
Horner, M. W., & Wood, B. S. (2014). Capturing individuals' food environments using
flexible space-time accessibility measures. Applied Geography, 51, 99-107.
Ingram, J. (2011). A food systems approach to researching food security and its interactions
with global environmental change. Food Security, 3(4), 417-431.
Jones, A. D., Hoey, L., Blesh, J., Janda, K., Llanque, R., & Aguilar, A. M. (2018). PeriUrban, but Not Urban, Residence in Bolivia Is Associated with Higher Odds of CoOccurrence of Overweight and Anemia among Young Children, and of Households
with an Overweight Woman and Stunted Child. The Journal of nutrition, 148(4), 632642.
Jones, A. D., Ngure, F. M., Pelto, G., & Young, S. L. (2013). What are we assessing when
we measure food security? A compendium and review of current metrics. Advances
in Nutrition, 4(5), 481-505.
Kirkpatrick, S. I., & Tarasuk, V. (2007). Adequacy of food spending is related to housing
expenditures among lower-income Canadian households. Public health nutrition,
10(12), 1464-1473.
Kirkpatrick, S. I., & Tarasuk, V. (2010). Assessing the relevance of neighbourhood
characteristics to the household food security of low-income Toronto families. Public
health nutrition, 13(7), 1139-1148.
Larson, N. I., Story, M. T., & Nelson, M. C. (2009). Neighborhood environments: disparities
in access to healthy foods in the US. American journal of preventive medicine, 36(1),
74-81. e10.
Lebel, A., Noreau, D., Tremblay, L., Oberlé, C., Girard-Gadreau, M., Duguay, M., & Block,
J. P. (2016). Identifying rural food deserts: Methodological considerations for food
environment interventions. Canadian Journal of Public Health, 107(1), eS21-eS26.
Lerner, A. M., & Eakin, H. (2011). An obsolete dichotomy? Rethinking the rural–urban
interface in terms of food security and production in the global south. The
Geographical Journal, 177(4), 311-320.
104

Leroy, J. L., Ruel, M., Frongillo, E. A., Harris, J., & Ballard, T. J. (2015). Measuring the
food access dimension of food security: a critical review and mapping of indicators.
Food and nutrition bulletin, 36(2), 167-195.
Leung, C. W., Tester, J. M., Rimm, E. B., & Willett, W. C. (2017). SNAP participation and
diet-sensitive cardiometabolic risk factors in adolescents. American journal of
preventive medicine, 52(2), S127-S137.
Liese, A. D., Hibbert, J. D., Ma, X., Bell, B. A., & Battersby, S. E. (2014). Where are the
food deserts? An evaluation of policy-relevant measures of community food access in
South Carolina. Journal of hunger & environmental nutrition, 9(1), 16-32.
Linnan, L. A. (2012). Research collaboration with 2-1-1 to eliminate health disparities: an
introduction. American journal of preventive medicine, 43(6), S415-S419.
Lopez-Class, M., & Hosler, A. S. (2010). Assessment of community food resources: A
Latino neighborhood study in upstate New York. Journal of poverty, 14(4), 369-381.
Ma, X., Battersby, S. E., Bell, B. A., Hibbert, J. D., Barnes, T. L., & Liese, A. D. (2013).
Variation in low food access areas due to data source inaccuracies. Applied
Geography, 45, 131-137.
Ma, X., Liese, A. D., Bell, B. A., Martini, L., Hibbert, J., Draper, C., . . . Jones, S. J. (2016).
Perceived and geographic food access and food security status among households
with children. Public health nutrition, 19(15), 2781-2788.
Ma, X., Liese, A. D., Hibbert, J., Bell, B. A., Wilcox, S., & Sharpe, P. A. (2017). The
association between food security and store-specific and overall food shopping
behaviors. Journal of the Academy of Nutrition and Dietetics, 117(12), 1931-1940.
MacNell, L. (2018). A geo-ethnographic analysis of low-income rural and urban women's
food shopping behaviors. Appetite, 128, 311-320.
MacNell, L., Elliott, S., Hardison-Moody, A., & Bowen, S. (2017). Black and Latino urban
food desert residents’ perceptions of their food environment and factors that influence
food shopping decisions. Journal of hunger & environmental nutrition, 12(3), 375393.
Makelarski, J. A., Abramsohn, E., Benjamin, J. H., Du, S., & Lindau, S. T. (2017).
Diagnostic accuracy of two food insecurity screeners recommended for use in health
care settings. American Journal of Public Health, 107(11), 1812-1817.
Martinez, S. M., Frongillo, E. A., Leung, C., & Ritchie, L. (2018). No food for thought: Food
insecurity is related to poor mental health and lower academic performance among
students in California’s public university system. Journal of health psychology,
1359105318783028.
McEntee, J., & Agyeman, J. (2010). Towards the development of a GIS method for
identifying rural food deserts: Geographic access in Vermont, USA. Applied
Geography, 30(1), 165-176.
Meenar, M. R. (2017). Using participatory and mixed-methods approaches in GIS to develop
a Place-Based Food Insecurity and Vulnerability Index. Environment and Planning A,
49(5), 1181-1205.
Morland, K., Wing, S., & Roux, A. D. (2002). The contextual effect of the local food
environment on residents’ diets: the atherosclerosis risk in communities study.
American Journal of Public Health, 92(11), 1761-1768.
105

Morton, L. W., & Blanchard, T. C. (2007). Starved for access: life in rural America’s food
deserts. Rural Realities, 1(4), 1-10.
O'Connell, K. E., Holben, D. H., & Holcomb, J. P. (2008). Use of food pantries is associated
with household food insecurity in Ohio. Journal of hunger & environmental nutrition,
2(2-3), 93-109.
Olson, C. M., Anderson, K., Kiss, E., Lawrence, F. C., & Seiling, S. B. (2004). Factors
protecting against and contributing to food insecurity among rural families. Family
Economics and Nutrition Review, 16(1), 12-21.
Opfer, P. R. (2010). Using GIS technology to identify and analyze ‘Food deserts’ on the
southern Oregon coast.
Pan, L., Sherry, B., Njai, R., & Blanck, H. M. (2012). Food insecurity is associated with
obesity among US adults in 12 states. Journal of the Academy of Nutrition and
Dietetics, 112(9), 1403-1409.
Pechey, R., & Monsivais, P. (2015). Supermarket choice, shopping behavior, socioeconomic
status, and food purchases. American journal of preventive medicine, 49(6), 868-877.
Pettygrove, M. W., & Ghose, R. (2016). Community-engaged GIS for urban food justice
research. International Journal of Applied Geospatial Research (IJAGR), 7(1), 16-29.
Phillips, A. L. (2011). Making better maps of food deserts: neighborhoods with little or no
access to healthful food can be located and studied using GIS mapping. American
Scientist, 99(3), 209-211.
Pinstrup-Andersen, P. (2009). Food security: definition and measurement. Food Security,
1(1), 5-7.
Radandt, N. E., Corbridge, T., Johnson, D. B., Kim, A. S., Scott, J. M., & Coldwell, S. E.
(2018). Validation of a Two-Item Food Security Screening Tool in a Dental Setting.
Journal of Dentistry for Children, 85(3), 114-119.
Raja, S., Ma, C., & Yadav, P. (2008). Beyond food deserts: measuring and mapping racial
disparities in neighborhood food environments. Journal of Planning Education and
Research, 27(4), 469-482.
Register, F. (2003 ). Part III, Department of Health and Human Services, Centers for
Medicare & Medicaid Services, 42 CFR Parts 403 and 408 Medicare Program;
Medicare Prescription Drug Discount Card; Interim Rule and Notice. Retrieved from
https://www.cms.gov/Regulations-and-Guidance/Regulations-andPolicies/QuarterlyProviderUpdates/downloads/cms4063ifc.pdf
Rivera, R. L., Dunne, J., Maulding, M. K., Wang, Q., Savaiano, D. A., Nickols-Richardson,
S. M., & Eicher-Miller, H. A. (2018). Exploring the association of urban or rural
county status and environmental, nutrition-and lifestyle-related resources with the
efficacy of snap-ed (supplemental nutrition assistance program-education) to improve
food security. Public health nutrition, 21(5), 957-966.
Robaina, K. A., & Martin, K. S. (2013). Food insecurity, poor diet quality, and obesity
among food pantry participants in Hartford, CT. Journal of Nutrition Education and
Behavior, 45(2), 159-164.
Rodgers, J. T., & Purnell, J. Q. (2012). Healthcare navigation service in 2-1-1 San Diego:
guiding individuals to the care they need. American journal of preventive medicine,
43(6), S450-S456.
106

Rogus, S., & Dimitri, C. (2015). Agriculture in urban and peri-urban areas in the United
States: Highlights from the Census of Agriculture. Renewable Agriculture and Food
Systems, 30(1), 64-78.
Rose, D. (2010). Access to healthy food: a key focus for research on domestic food
insecurity. The Journal of nutrition, 140(6), 1167-1169.
Sallis, J. F., Cerin, E., Conway, T. L., Adams, M. A., Frank, L. D., Pratt, M., . . . Cain, K. L.
(2016). Physical activity in relation to urban environments in 14 cities worldwide: a
cross-sectional study. The Lancet, 387(10034), 2207-2217.
Savas, L. S., Fernández, M. E., Jobe, D., & Carmack, C. C. (2012). Human papillomavirus
vaccine: 2-1-1 helplines and minority parent decision-making. American journal of
preventive medicine, 43(6), S490-S496.
Saxton, M. L., Naumer, C. M., & Fisher, K. E. (2007). 2-1-1 Information services: Outcomes
assessment, benefit–cost analysis, and policy issues. Government Information
Quarterly, 24(1), 186-215.
Seligman, H. K., Bindman, A. B., Vittinghoff, E., Kanaya, A. M., & Kushel, M. B. (2007).
Food insecurity is associated with diabetes mellitus: results from the National Health
Examination and Nutrition Examination Survey (NHANES) 1999–2002. Journal of
general internal medicine, 22(7), 1018-1023.
Seligman, H. K., Laraia, B. A., & Kushel, M. B. (2009). Food insecurity is associated with
chronic disease among low-income NHANES participants. The Journal of nutrition,
140(2), 304-310.
Sharkey, J. R., & Horel, S. (2008). Neighborhood socioeconomic deprivation and minority
composition are associated with better potential spatial access to the ground-truthed
food environment in a large rural area. The Journal of nutrition, 138(3), 620-627.
StataCorp. (2015). Stata Statistical Software: Release 14. from StataCorp, LP
Sweeney, G., Hand, M., Kaiser, M., Clark, J. K., Rogers, C., & Spees, C. (2016). The State
of Food Mapping: Academic Literature Since 2008 and Review of Online GIS-based
Food Mapping Resources. Journal of Planning Literature, 31(2), 123-219.
Team, R. C. (2017). R: A Language and Environment for Statistical Computing. In. Vienna,
Austria: R Foundation for Statistical Computing
Texas, U. W. o. C. (2019 ). 2018 Community Needs and Trends Report Retrieved from
unitedwayaustin.org http://www.unitedwayaustin.org/wpcontent/uploads/2019/03/Community-Needs-Trends-Report_MR.pdf
Thomas, B. J. (2010). Food deserts and the sociology of space: distance to food retailers and
food insecurity in an urban American neighborhood. International Journal of Human
and Social Sciences, 5(6), 400-409.
Townsend, M. S., Peerson, J., Love, B., Achterberg, C., & Murphy, S. P. (2001). Food
insecurity is positively related to overweight in women. The Journal of nutrition,
131(6), 1738-1745.
Ver Ploeg, M., Breneman, V., Farrigan, T., Hamrick, K., Hopkins, D., Kaufman, P., . . .
Williams, R. (2009). Access to affordable and nutritious food: measuring and
understanding food deserts and their consequences. Paper presented at the Report to
Congress.
107

Ver Ploeg, M., Dutko, P., & Breneman, V. (2014). Measuring food access and food deserts
for policy purposes. Applied Economic Perspectives and Policy, 37(2), 205-225.
Voss, A., Denisovich, I., Gatalsky, P., Gavouchidis, K., Klotz, A., Roeder, S., & Voss, H.
(2004). Evolution of a participatory GIS. Computers, Environment and Urban
Systems, 28(6), 635-651.
Walker, R. E., Keane, C. R., & Burke, J. G. (2010). Disparities and access to healthy food in
the United States: A review of food deserts literature. Health & place, 16(5), 876884.
White, M. (2007). Food access and obesity. Obesity Reviews, 8, 99-107.
Widener, M. J., Farber, S., Neutens, T., & Horner, M. W. (2013). Using urban commuting
data to calculate a spatiotemporal accessibility measure for food environment studies.
Health & place, 21, 1-9.
Zenk, S. N., Schulz, A. J., Israel, B. A., James, S. A., Bao, S., & Wilson, M. L. (2005).
Neighborhood racial composition, neighborhood poverty, and the spatial accessibility
of supermarkets in metropolitan Detroit. American Journal of Public Health, 95(4),
660-667.

108

